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DAGLISH'S WINDING ENGINES AND DRUM. 369 

The brake-strap is of plate iron, 5^ inch thick and 1 1 inches wide, and 
is applied to one-fourth of the circumference of the drum. It can be brought 
into action either by foot-pressure or by steam-pressure, from the platform. 
The power is applied through a lever of which the arms are 8 feet and 
I foot long. To the shorter of these the strap is connected. To the 
longer end a lo-inch steam -cylinder is connected, having an available 
length of stroke of 3 feet. The cylinder is closed at both ends, and the 
steam is distributed by means of an ordinary slide worked by hand. The 
lever consists of two 9/i6-inch steel plates, riveted together with an inter- 
mediate flitch of pitch-pine. The central gudgeon is of steel, having 
5 J4-inch journals. 

The drum weighs 60 tons, and the total finished weight of the engines 
and drum together is 200 tons. The working pressure of steam in the 
boiler is 80 lbs. per square inch, and the factor of safety in the design of 
the engines is 10. The maximum speed attained by the pistons is about 
7CX) feet per minute, when the engine makes 50 revolutions per minute. 
The engines are designed for raising 80 cwts. of net coal from a depth of 
700 yards; and the gross load lifted, including 5J^ tons of rope, is about 
12 tons. Steam of 80 lbs. pressure per square inch is supplied from four 
Lancashire boilers, 7 feet in diameter, 30 feet long. 

On a recent examination of a pair of winding engines like those 
described, but wanting the improved valve-gear and drum, the wear and 
tear of the working parts, during nine years of heavy work, were found to 
be practically nothing. Part of the time, the work was carried on day and 
night, — the engines winding 32 cwts. of coal each lift in 45 seconds, from 
a depth of 495 yards. Another pair of engines in the Wigan district are 
winding 40 cwts. of coal in 30 seconds from a depth of 400 yards. 

The special advantages of the winding drum here described are, smooth- 
ness of working, and diminished wear and tear of ropes. On such drums, 
ropes have been known to last from three to four years; whereas on 
ordinary drums, the life of a like rope is only 12 months. 



Chapter XLV.— BLOWING STEAM ENGINES. 

PAIR OF VERTICAL CONDENSING BLOWING STEAM ENGINES FOR THE 

RIO TINTO MINES, SPAIN. 

DESIGNED AND CONSTRUCTED BY MESSRS. ROBERT DAGLISH & CO., ST. HELEN'S, 

LANCASHIRE. 

(Steam-cylinders 22 inches in diameter; blowing- cylinders 54 inches in diameter; strokes 4 feet.) 

Blowing Steam engines, like engines for other purposes, have been con- 
structed with beams and vertical cylinders, direct-action vertically, direct- 
action horizontally, and otherwise. The vertical direct - action engine 
appears to combine in the best manner the qualities of simplicity, com- 

p>actness, convenience, and efficiency. The blowing engines of Messrs. 

74 
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Fig. 7iB.~Vcnicil Condouini BlowinE Slain Engino, by Mean. D.ieliah & Co, ; FnnI Elcniioii. Scale i/r*d. 



daglish's blowing steam engine. 




Fit. ;>»■— Vdtiol CoDdcHiiic Blowiai Stom En^no, by Mbui. Difluh & Co. ; Sid* Elmdaa. Scale i/; 
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Daglish & Co., figs, 728 and 729, were constructed for service 
pyrites mines belonging to the Rio Tinto Company. Spain, and erec 
in 1882. They are employed for the supply of biast of 3 lbs. pi 
per square inch, to cupolas employed in the smelting of copper. 

The two engines are erected side by side on independent foundatii 
The main shaft of each engine is carried in bearings on tlie foundation or 
sole-plate; and the steam -cylinder is immediately above it. The blowing- 
cylinder is over the steam -cylinder, on the same vertical centre-line, and is 
supported on side frames, 




Figt. 730.— Dugliil 



^^H to the base-plate. Each frame is 5J^ feet wide at the lower end. and tapef 
^^H to 3 feet 10 inches wide at the upper end. The two frames are 3 feet apar^ 
^^V The steam-cylinders, figs 730 and 731, are 22 inches in diameter, wit| 

^^^ a 4-feet stroke, of 1 5.4 -inch metal. Each cylinder bottom is formed witi 
side brackets, by which it is bolted to the frames. The cover and thi 

t bottom are bolted to the cylinder with twelve i-inch bolts and nuts, pitchet 
at about yyi inches of pitch. The steam-ports are 10 inches by 2 inches 
the exhaust-port is 10 inches by 4 inches; respectively '/icith and '/g.j pai 
of the area of the cylinder. The bars between the ports are i J4 inche 
wide. The steam is exhausted through a passage W/i inches by i J^ inchef 
cast round the cylinder, from which it passes to the condenser. 
': _- h I 



which the steam-cylinder is 
tached. The piston-rods of tl 
blowing and steam cylinders a 
cottered into the crosshead inte 
mediate between them, so as I 
form one rod. The ends of d 
crosshead are connected by coi 
necting-rods to the main shai 
The pistons travel at the rate 1 
240 feet per minute, equivalet 
to 30 turns of the main shaft pi 
minute. The working presstti 
of steam is 40 lbs. per squai 
inch. 

The bed-plate, or sole-plab 
of each engine, is of cast iroi 
4 feet wide, !0 feet 10 in< 
long, gi^ inches deep, holli 
of i-inch metal. It is open i 
the middle, each side beir 
square in section, having a tc 
13 inches wide, and two sidesL 

The vertical framing 
sists of a frame at each side 
the steam-cylinder, ribbed < 
hollow, of I-inch metal, bolt« 
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The piston, figs. 730, is of cast iron, hollow, of ^-inch metal, 7 inches 
thick, in one casting. It is fitted with three packing rings of cast iron, 
I inch wide, let into grooves turned into the rim. The piston-rod is of 




ud Aii-pnmp. Salt xIpA. 



steel, 3^ inches in diameter, let into the piston with a taper, and fastened 
with a wrought'iron nut on the end, 2% inches thick. 

The crossbead, fig. 728, is of wrought iron, formed with a central eye to 
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receive the piston-rods, two bosses finished with flat sliding surfaces to work I 
in the vertical frames, and two journals, one at each end, to take a pair of " 
connecting-rods to the main shaft below. The crosshead is 6 feet i ^ inches 
long between the centres of the 
journals, 1IJ2 inches by 2j4 inches 
thick at the centre, 5 inches by 
Ij4 inches at the ends. The central 
eye is y% inches square, 17 inches 
deep; and it receives the ends of the 
upper and lower piston-rods, which 
are reduced to i]^ inches in diameter, 
and are cottered into it. The end 
journals are 3j4 inches in diameter, 
4J-2 inches long ; and the intermediate 
bosses are 5J^ inches thick, with 
sliding surfaces 4J'^ inches wide, 
10 inches deep. The connecting- 
rods, one at each side, are 11 feet 
5 inches long, or I2j4 times the 
length of the crank, with end bearings 
formed with a butt, strap, gib and 
cotter, and brasses. They are round, 
JV; inches in diameter at each end, 
swelled to 5 inches at the middle. 

The main shaft is of wrought 
iron, 7 inches in diameter, turned, 
having two 6-inch journals 9 inches 
long. Two fly-wheels, 12J^ feet in 
diameter, 8 inches wide at the rim, 
are cast in halves, joined by bolts 
and hoops at the nave, and dowels 
and cotters at the rim. They are 
fastened on the shaft, one at each 
end. made with a crank-pin, having 
a 3-inch journal, 4J^ inches long, to 
take the connecting-rod. 

The steam - cylinders are each 
fitted with a main slide-valve of cast 
iron, having Jg inch of lap and '/16 
inch of lead, and two adjustable 
cut-off or expansion valves on the 
back of the main valve. The admis- 
sion may be varied from ^th of the 
stroke to ^ths. The valve-spindles are of steel, respectively 1% inches 
and 1% inches in diameter. The valves are worked by two eccentrics 
cast in one piece, of 5 34 inches throw, one to each valve, of which the 
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rods are pinned to the spindles. The eccentrics are keyed on a short 
shaft SH inches in diameter, driven by i8-inch mitre-wheels from the 
main shsift. A pulley is keyed on the end of this shaft, from which the 
governor is driven. 

Steam is supplied to the pair of engines by a 9-inch cast-iron pipe. 




^DigUih'i Blowing Engioe: Blowui; Cytinda. Sectioiu. Scale i/^sd. 



of l^-inch metal, with a 6-inch branch-pipe and stop-valve to each engine, 
of ^-inch metal. The exhaust steam is taken from the cylinder through 
a 7-inch cast-iron exhaust-pipe, of f^-inch metal, into the condenser, 
fig- 73'. which is cylindrical, 2 feet in diameter, of cast iron, ^ inch thick, 
except at the bottom, which is ^ inch. The air-pump, iigs. 731 and 732, 
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is of >4-inch gun-metal, l6 inches in diameter, fitted concentrically into the 
condenser. It is fitted with a suction-valve and a delivery-valve of brass 
at the bottom and the top, of gridiron formation, with an india-rubber disc- 
valve to each, ^ inch thick. The bottom valve is fastened in place simply 
by an adjustable screwed stud off the bottom of the condenser. The bucket 
is similarly constructed, with a I ^-inch phosphor-bronze rod, fastened to 
it by double-nuts. It is packed with a brass ring 2 inches wide, ^a inch 
thick. A wrought-iron crosshead is fastened by a nut on the upper end of 
the rod. and is guided by slides moving between upright guide-bars, fastened 
on the top of the hot-well. The air-pump has a stroke of 2 feet, or half the 
stroke of the steam-cylinder. It is worked by a motion off the steam cross- 
head, consisting of a reciprocating lever having arms as 2 to i, connected to 
each crosshead by links. The lever is constructed of two |4-'"ch wrought- 
iron plates, keyed 17 inches apart between centres on a 4^-inch rocking 
shaft, linked to corresponding journals on the crossheads. 

The injection-water is brought in a 3^<-inch cast-iron pipe under the 
floor-line, branched into two 2j^-inch pipes, one to each condenser, with 
a 2J^-inch injection cock. 

The waste water is carried off in two S-inch cast-iron pipes of S^-inch 
metal, one from each hot-well, into a loj^-inch main under the floor-line. 

When the steam is not condensed it is discharged direct from the 
cylinders into a 7-inch exhaust-pipe carried under the floor -line. The 
course of the steam— to the condenser or to the direct exhaust-pipe — is 
regulated by means of suitable shut-off valves. 

Each blowing cylinder, figs. y^S' 's of cast iron, 54 inches in diameter, 
with a stroke of 4 feet, of ij^-inch metal. There is I inch of clearance 
] between the piston and the cover at each end of the 

stroke, though J^ inch would suffice. The covers are 
fastened to the cylinder with twenty-four ^-inch bolts 
and nuts for each, at about 7^ inches of pitch. Each 
cover is formed with twelve circular openings, g}^ inches 
in diameter, into each of which a circular gridiron- 
valve, figs. 734, 9 inches in diameter, is fixed, fitted with 
an india-rubber disc }i inch thick. These valves open 
inwards for the ingress of air to the cylinder from the 
top and the bottom alternately. The air received into 
the cylinder during each stroke is compressed to a pres- 
sure of 3 lbs. above the atmosphere during the alternate 
stroke, and is driven out of the cylinder through ninety- 
s^ ''f^'' ^'""'"" six openings 3JJ inches by 1 inch at each end. dis- 
tributed all round the cylinder. These openings are 
commanded by twelve india-rubber flap-valves at each end of the cylinder, 
opening into an annular '"•'imber, 5 inches wide, 135^ inches high, from 
which the compresae' -ed and is passed off through an i S-inch 

cast-iron conduit etai into a receiver of wrought-iron 

plate, 3}4 feet in h, whence it passes to the furnaces. 




Figi. 7 J4, — Dagliih'i Blow- 
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Each engine is erected on a stone foundation S feci deep, i s feet long, 
4 feet 2 inches wide at the top, 2 feet longer and wider at the bottom. 
The base-plate is held down with ten ij^-inch holding-down bolls. 

The engines are placed 1 1 feet apart between their centre-lines. 

The engine-house is of brick, 2^ feet square, with 2i-incb walls, of a 




total height of 39 feet loj-^ inches from the bottom. Three floors are 
provided, with stairs, giving easy access to all parts of the engines. 

The gross weight of the two engines complete, with connections within 
the engine-house, is 63 tons, including 83 cwts. for each fly-wheel, or 
16 tons t2 cwts. for four fly-wheels. The price is £i%%o, or, say, £25, lot. 
per ton, 

VERTIC-'^L COMPOUND BLOWING STEAM ENGINE FOR THE 

BLAENAVON IRON-WORK.S. 
(Cylinders 43 incliES uid 78 inches in cliamelei, Stroke 60 inches) 

This blowing engine, figs. 735, was designed to be used in the process 
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of manufacturing Bessemer steel. The two steam-cylinders are connected 
direct by the piston-rods to two air-cylinders, and are placed vertically 
overhead in two tiers side by side, each of which comprises one steam- 
cylinder and one air-cylinder. The first steam-cylinder is below the air- 
cylinder, and the second steam-cylinder is above the air-cylinder; and the 
steam is exhausted diagonally from the first cylinder upwards to the second 
cylinder. The two piston-rods are connected to cranks placed at an angle 
of 225'' with each other, on the ends of the fly-wheel shaft, which has its 
bearings on the base-plate. 

The framing consists of two separate cast-iron base-plates, of hollow 
section, to each of which two upright members of cast iron, hollow, are 
bolted, on the top of which the cylinders are fixed. The first steam- 
cylinder is bolted down to the framing on one side, and an air-cylinder on 
the other side. The other air-cylinder and the second steam-cylinder are 
respectively fixed above and to these, by means of intervening castings. 
The first steam-cylinder is 42 inches in diameter; the second is 78 inches; 
with a stroke of 5 feet The capacity ratio is i to 3.45. The first cylinder 
is fitted with expansion-slides on the back of the main slide, and the 
second cylinder with piston-valves. The cylinders are steam-jacketed; 
and steam can be admitted from the boiler into the second cylinder when 
starting the engine. The design of the engine comprises a separate engine 
for condensing, though it can also be worked non-condensing. The work- 
ing pressure in the boiler is 90 lbs. per square inch. The air-cylinders are 
each 54 inches in diameter, with a stroke of 5 feet They are fitted with 
piston inlet-valves, and several small wrought-iron automatic circular valves 
for the delivery. The air pressure is from 25 lbs. to 30 lbs. per square inch. 
The crank-shaft is of wrought iron, 14 inches in diameter, with journals 
20 inches long. 

It is stated that when this engine is doing full duty, with condensation 
of steam, only 168 pounds of coal is used per ton of steel produced. This 
consumption includes the coal required for driving the hydraulic engines 
for moving the Bessemer apparatus. 



Chapter XLVI.— BRAMAH VERTICAL STEAM ENGINE AND 

BOILER, OF 10 Horse-power. 

constructed by MESSRS. H. TYLER & HOWARDS, LUTON. 
(Cylinder 10 inches in diameter, stroke ii inches.) 

In the Bramah vertical steam engine, figs. 736, the frame is in one 
compact upright casting with the guide-bars and the main bearing which 
is at the lower part. It is mounted on a cast-iron stool bedded on the 
foundation, and it carries the steam-cylinder on the top. The ruling form 
of the frame, as in figs. 737, is that of a truncated cone, slightly bell- 
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and 5nished with a flange at the top, i inch thick and i$j4 inches in 
diameter, to take tite cylinder. 

The steam-cylinder, figs. 738, is 10 inches in diameter, with a stroke of 
1 1 inches, making 130 turns or 238 feet of piston per minute. The work- 
ing steam pressure is 50 lbs. per square inch. The nominal power is 
reckoned at the rate of 10 circular inches per horse-power, and the indi- 
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cator power is taken as twice the nominal power. The low ratio of 
indicator power to nominal power is readily explained by the relative 
shortness of the stroke, which is only i inch more than the diameter. The 
shortness of stroke, and the correspondingly short connecting-rod, are 
expedient for the sake of limiting the height of the engine. 

The cylinder is plain, of ^-inch metal. It is one casting with the 
lower cover, which is 1^ inches thick. The coveadMM»top is 1^ inches 
thick. The joint flanges of the cylinder a" ' Ui inch thick, 

and they are fastened with eight J^-inc' cylinder is 

of suRicient clear length inside to aIlo< each 




tlie passages are ^ inch wide. The exhaust-port is Ij^ inches by 
y% inches. The areas of the ports are respectively '/i^.j part and '/aa part 
of the area of the cylinder. The valve-face is recessed to form ledges or 
guides, between which the valve travels. There is a single valve of cast 

7/,6 inch thick. It has ^ inch of lap at 
each end, and ^ inch lead; and it is worked 
by a single eccentric, having a travel of 2j^ 
inches, cutting off at half stroke. The valve- 
spindle is of mild steel, ^ inch in diameter. 
It traverses the valve, which is recessed to make 
room for it, and is held between two pairs of 
nuts on the spindle. The nuts are screwed up 
tight on a piece of mild-steel tube threaded by 
the spindle, by which the nuts are prevented 
from binding the valve. The spindle is ex- 
tended upwards at ^ inch in diameter, to be 
guided by a socket in the lower part of the 
throttle -valve seat, in which it reciprocates; 
and it passes through a stuffing-box at the 
lower side of the chest, outside of which it is 
pinned to the eccentric-rod. The cover of the 
valve-chest is % inch thick, and it is fastened to the chest with )4-inch 
flanges and twelve ^-inch stud-bolts and nuts. Steam from the boiler 
is bnaught into the valve-chest by a 2>^-inch wrought-iron pipe, fitted 
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with a steam stop-valve, fig, 739, worked by a hand-wheel below, and a 
throttle -valve controlled by the governor. The exhaust steam is taken 
off by a 3-inch pipe to the chimney. The cylinder and the valve-chest 
are well encased with silicate cotton, with a cast-iron covering. 

The piston, figs. 740, is a solid disc of cast iron, 2]^ inches thick at the 
rim, and panelled. It is grooved for 
two packing rings, each % inch wide 
and s/16 inch thick, of steel. The 
nave is 3 inches thick. The piston- 
rod is of mild steel, i^ inches in 
diameter, screwed into the piston, 
and riveted over at the end. 

The crosshead, figs. 741, is of 
cast iron, of a box form, open only 
at the bottom to receive the con- 
necting-rod. It is Sj^ inches wide 
between the guides, and has a thickness of 5 inches. This is the width 
of the sliding surfaces of the crosshead, and they are 8J^ inches long. 
These surfaces and those of the guides are respectively turned and bored 
to a diameter of Sj4 inches to match. The metal is 7/16 inch thick, 
except tlie top. which is made l^ inch thick to receive the piston-rod. The 
rod is reduced to i ^ inches in diameter, 
passed through an eye on the cross- 
head, which is secured to the rod by 
two nuts, ij^ inches thick, one inside 
and one outside, and a safety-pin 
through the end. The crosshead pin is 
of steel. It is a plain cylinder r^ inches 
in diameter, fixed in each of the side 
bearings of the crosshead, which are 2^ 
inches apart and i J^ inches thick, by a 
;-^-inch set-screw, with a jam collar-nut 
It is extended at one side to take the 
head of the pump-ram, which is worked 
from it. 

The connecting-rod, figs. 742, is of 
wrought iron, 2J% inches in length, or 
five times the length of the crank. 
The body is round, uniformly tapered 
from 2 inches in diameter at the crank end to I^ inches at the crosshead 
end. The crosshead end is solid forged, 2 J:^ inches thick, and 3i^ inches 
wide. It is slotted out to receive the brasses, whntkSre rectangular ex- 
ternally, flush with the sides of the piece, 7/,^ -t.aEfct -^ove and below 
the journal; and giving a bearing i^^ ii . 2%^ inches in 

length. The lower brass has a pin, whict etiAnding slot, 

and takes the pressure of the cotter, v 'liek, 
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2 inches long, lodged within the metal, screwed at each end, J^ inch in 
diameter, and secured by a collar-nut, ^ inch thick, bearing on each face. 
The wedge tapers 5/,5 inch, or at the rate of about i in 6. Lubrication is 
provided for by scooping out the top of the rod, to form a shallow reservoir 
of oil, from which a small oil-passage is drilled. The crank end is on 
the cap-and-bolts system, in which the brasses are formed with square 



u 
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backs, and are held between a flat palm, J4 inch thick, on the end of 
the rod. and a cap }( inch thick, each of them 6% inches by 2j^ inches, 
with two *8-inch turned bolts and double-nuts, 4}^ inches apart. Under 
each bolt-head a stop-pin is screwed into the bolt, the head of which is 
let into a slot in the cap to prevent the bolt from turning. The brasses 
are ^ inch thick at the top and bottom, and they give a bearing 3 inches 
in diameter by 3 inches long. 

The main shaft, partly shown in figs. 737, is of wrought iron, bent 
to form a double-arm crank of 53^-inch radius. It 
is turned to a diameter of 3 inches at the straight 
portions and at the crank-pin. The crank-arms are 
3j^ inches in diameter. The journals are each 
3 inches by4^ inches long, and they are 16 J^ inches 
apart between centres. The fly-wheel, figs. 743, 
is of cast iron, in one piece, 4 feet in diameter. The 
rim is 4% inches deep radially, and 3 inches 
thick, widened to 5 inches at the circumference, 
and turned. The nave is 6 inches in diameter, 
giving I j4 inches of metal round the shaft, and 5 
inches wide. There are six arms, oval in section, 
3j^ inches by il^ inches at the nave, tapered to 

2% inches by t}i inches at the rim. The wheel is "*"'wheeL""sS'e7/'i6tt' ' ' 
fixed on the shaft with a steel key. 

The main bearings, figs. 737, are 3 inches in diameter and 4^ inches 
long, 13 inches apart in the clear; in one with the frame. The brasses are 
of hard gun-metal, ^ inch thick, cylindrical externally, and prevented 
from turning in their seats by gun-metal pins through the bottom brasses. 
The cap is of cast iron, let in between the sides of the bearings, and 
fastened with two ?6-inch stud-bolts and nuts. 

The eccentric, figs. 744. for working the slide-valve is of cast iron, in one 
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piece, 7J^ inches in diameter and 2% inches wide, grooved i^ inches 
wide, for the strap. It has ij^ inches of eccentricity, ot 2% inches of 
throw. The nave is 3^ inches wide, and 's/i^ inch thick round the shafts 




and is bored to fit the shaft, on which the eccentric is fixed with a steel key 
^ inch by ^ inch, let yi inch into the shaft The nave is made wide in 
order to prevent the eccentric being driven out of truth by the key. The 
eccentric is secured also by a ^-indi set-screw to secure the eccentric side- 
wise, the shaft not hav- 
ing any journals. The 
set-screw is turned by 
means of a screw-driver. 
The strap is of malle- 
able cast iron, i inch 
thick, in halves, bolted 
together with ij^-inch 
flanges and two ^-inch 
bolts and double-nuts. 
The rod is one piece 
with a half-strap, and is 
3 feet 8 inches in length 
between centres. !t is 
forked to take the valve- 
spindle with a %-\nc\i 
pin, having a bearing 
1^ inches long in the 
eye of the spindle, and 
^ inch in each fork. 
The pin is a simple 
cylinder, and is fixed 
into the forks with two 
It has a "^-inch web. 
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3/,6-inch pins The eccentric-rod is of H section. 

and J^-inch upper and lower flanges; it is 2 inches by i^ inches at the 

strap, and i inch by i inch at the other end. 
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The governor, figs. 745, is of the Porter type, similar to the one aiready 
ooticed for tlie horizontal engine, page 1 35. It has 2>j-inch balls on eji^-inch 
arms, moving at quick speed, and a central weight 4J^ inches in diameter. 
The spindle is of steel, 1 Vs inches in diameter at the upper part, reduced 
to t inch in the bearing, which is 41^ inches long. A collar is pinned on 
the spindle to take the weight, and works on the bearing. The lower part 
of the spindle is }i inch in diameter, and runs in a footstep. The frame, of 
which the bearing and footstep form parts, is of cast iron, and carries a pair 




Figs. 746. — Biaduli Eneinc: Fccd-pump- Scalt 

of mitre wheels through which the governor is driven from a 4j^-inch 
puUey on a horizontal shaft, driven by a band from a 9-iiich pulley on 
the main shaft The speed of the governor is thus made double the speed 
of the engine, or 260 revolutions per minute, at normal speed. The governor 
acts upon an equilibrium throttle- valve, of gun-metal, having two conical 
discs and seats, 2}4 inches in diameter at the lower scat and 3>^ inches at 
the upper seat The body of the valve and the casing are 3/ ,6 inch thick. 
The casing is closed at the top by a cover screwed into it, with a stuffing- 
box, llirough which tlie 3^ -inch spindle works. The lower part of the valve- 
scat is fitted as a guide for the spindle of 
ihe cylinder slide-valve. The throttle -valve 
is bolted to the valve-chest, and has a 
2ji-inch entrance for steam from the boiler. 
It is controlled by the governor through a 
lever having arms in the ratio of 5.2 to I, 
pinned to a sleeve on the governor spindle, 
which rises and falls with the weight 

The feed-pump, fig. 746, is of gun-metal, 
of mild quality. It is single-acting, and is 
worked direct from the crosshead, with a 
stroke of 1 1 inches. It is fixed vertically -^ 

to the side of the cylinder and the top of *' ^"' vX^ Scain/sih" ' ' '""^ 
the frame. The ram is of mild steel. '3/ ,6 

inch in diameter, working in a barrel I'/ig inches in diameter insidci 
and 3/,6 inch thick. The suction and delivery pipes are of i-inch gas tubc^ 
The valves, fig. 747, are three-leaved, and conical, and are lodged in a 
casing at the upper end of the pump. The suction-valve is yi inch in 
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diameter, with a little less than ^ inch of lift; the delivery - valve is 
i}i inches in diameter, and has )i inch lift. 

The engine is fixed on a cast-iron base or stool, %s. 748, of J^-inch metal, 
with thickened edges, 17 inches high, with four i>^-inch comer bolts and 
nuts. The stool is placed on a foundation of brickwork, 5 feet 3 inches 
long by 3 feet 2 inches at the base, 4 feet ?^ inch by 2 feet 9 inches at the 
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top, and 2 feet 4j^ inches deep. The stool is fastened by four i^-inch 
holding-down bolts, with plates, cotters, and nuts. Four recesses in the 
brickwork are made to receive the plates. 

The weight of the Bramah vertical engine described is 23 J^ cwts., which 
includes 6}4 cwts., the weight of the fly-wheel, and S cwts. i qr. 20 lbs., 
the weight of the frame. The stool or cast-iron foundation, in addition, 
weighs I cwt. 2 qrs. The price of the engine is £75, or about ^^64 per ton. 
The price of the cast-iron stool, with bolts and nuts, is £4, 12s., and that of 
bolts and plates for the foundation is ;^i, los. 

On the next page are given a few particulars of vertical Bramah steam 
engines of from 3 to 10 nominal horse-power. 

The steam boiler from which steam is obtained for working the lO-horse- 
power engine is shown in figs. 736, page 379. It is vertical, 3^ feet in dia= 
meter and g feet high, and it stands on a cast-iron base 9 inches high. 
The fire-box is S feet 9 inches high, and it tapers slightly to a diameter of 
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Vertical Bramah Steam Engines^ by H. Tyler &* Howards, 






» 



Diameter of cylinder inches 

Stroke of do 

Diameter of fly-wheel 

Width of do. at rim... 

Speed in turns per minute turns 

Do. of piston in feet per minute.. ft. 

Diameter of steam-pipe ins. 

Do. exhaust-pipe 

Do. feed-pipes 

Length over all ft. ins. 

Width do „ 

Height do „ 

Weight of engine cwts. 

Do. stool 

Do. engine packed 



» 



» 



» 



» 



8. 


4. 


6. 


8. 


10. 


S% 


ey2 


8 


9 


10 


8 


8 


9 


10 


II 


33 


36 


42 


45 


48 


3^ 


3J4 


4 


4>4 


5 


180 


180 


160 


144 


130 


240 


240 


240 


240 


238 


^% 


i>^ 


2 


2 


2>^ 


2 


2 


2j^ 


2>^ 


3 


% 


V^ 


I 


I 


I 


2 9 


3 


3 6 


3 9 


4 


2 6 


2 6 


2 10 


3 


3 9 


6 


6 


7 


7 10 


9 


7 


8J4 


I2j4 


15 


23>^ 


8>^ 


10 


i4>^ 


i7>^ 


27 



2 feet 8 inches, outside, at the crown. There are four 9-inch cross-tubes. 
The uptake is 10 inches in diameter outside, connecting the crown of the 
fire-box to the crown of the shell — which are about 3 feet 3 inches apart 
The grate -area is 9 square feet; the heating surface is 100 square feet 
Steam for the engine is taken through the safety-valve casting on the 
crown of the shell, and the exhaust steam is discharged into the chimney. 
A damper in the chimney is regulated by means of a chain. The boiler 
weighs 37 cwts. 

The cast-iron base, embracing engine and boiler together, weighs 6 cwts. 



CHAPTER XLVII.— OVERHEAD WALL STEAM ENGINE. 

CONSTRUCTED BY MESSRS. J. COPELAND & CO., GLASGOW, FOR THE 

CLYDE LOCOMOTIVE COMPANY. 

(Cylinder 16 inches in diameter, stroke 20 inches.) 

The overhead wall steam engine is specially adapted for driving a line 
of shafting directly — the engine being connected to the shaft without inter- 
mediate communications. 

Messrs. Copeland & Co. have supplied seven wall engines to the Clyde 
Locomotive Works, placed as follows: — 

Number of Speed in Turns 

Engines. per Minute. 

Heavy tool shop i 90 

Light tool shop 2 120 

Boiler shop i 120 

Grinding shop i 120 

Smith's shop and scrap shed i 120 

Engines with 1 6-inch cylinders 6 

Pattern shop, 14-inch cylinder i 1 20 

Total number of engines 7 
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Each engine drives a line of shafting coupled direct to the end of the 
crank-shaft of the en- 
gine. The lengths of 
the lines of shafting 
vary from i8o feet to 
80 feet; the diameters 
of the shafting diminish- 
ing by stages, from 4j4 
inches to 4 inches, 3% 
inches, and 3 inches. 

There are 1500 feet 
of shafting to be driven, 
all of Siemens mild 
steel, supported by 170 
hangers, with 450 driv- 
ing pulleys of from 52 
inches to 12 inches in 
diameter. The hangers 
have split cast-iron 
bearings having means 
of vertical adjustment 
to take up wear by 
means of screws which 
act on a spherical-faced 
plug, and capable of 
swivelling to allow for 
any deviation in work- 
ing. This kind of bear- 
ing is less costly and 
lasts much longer than 
ordinary wall-bracket 
and plummer-block 
bearings. 

The advantages of 
the separate or indepen- 
dent system of engine- 
power.thus exemplified, 
amongst others, that 
in the event of any 
particular tool or ma- 
chine being run during 
the night, or other tools 
being laid off work, only 
the line of shafting with 
which the tool is worked need be driven 
down all the tools and machines need not 
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The engine, figs. 749 and 
750, as its name imports, is 
vertical, having a wall-plate 
or frame bolted to the wall, 
carrying the cylinder at the 
lower part, and the crank-sliaft 
bearing at the upper part 
The shaft is thus supported, 
and is passed through the 
wall unconnected with any 
wall-box. The crank-shaft is 
i3j^ feet above the ground- 
level, and the centre-line of 
the cylinder is 27^^ inches 
from the face of the wall. 

The frame is rectangular, 
15 feet 7^ inches long, 3>i 
feet wide, 6 inches deep. It 
consists of two sides 9 inches 
wide at the outer surface, and 
five transverse ties, hollow, of 
)^-inch metal in the sides, 
ij^ inches in the face. The 
bearing for the crank-shaft is 
cast on it, and also the brackets 
for carrying the guide-bars, 

The cylinder is 16 inches 
in diameter, with a stroke of 
20 inches, and a clearance of 
J4 inch between the piston and 
the cylinder-covers, at each 
end; of 1-inch metal. The 
cytinder-covers are ij^ inches 
thick, fastened each with ten 
^-inch bolts and nuts, at 
about i% inches of pitch. 
The valve-chest is of J^-inch 
metal, and its cover is i inch 
thick. The cylinder is fas- 
tened to the frame with two 
wing flanges. i|i inches thick, 
and four ifs-inch bolts and 
nuts. The flanges are, in addi- 
tion, keyed between snugs to 
the frame. The steam-ports 
haust-port is 11 inches by 2}^ inches, 
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being respectively V14.7 part and ^7.3 part of the piston-area. The steam 
is distributed by an ordinary slide-valve of cast iron, driven direct by a 
14-inch eccentric on the crank- shaft; the valve having i^ inches of lap 
outside, V16 inch lap inside, lead 3/32 inch, and 4>^ inches of travel; cutting 
off at 68 per cent of the stroke. 

The working pressure of steam in the boiler is 80 lbs. per square inch. 
The steam-pipe is of cast iron, 4 inches in diameter; it introduces the 
steam at the top of the valve-chest The governor, combined with the 
stop-valve, is Tangye*s electric governor. It makes 250 turns per minute. 
The exhaust -pipe is 5 inches in diameter, of a length varying from 
20 feet to 30 feet. 

There is a single guide-bar of mild steel, S/4 inches wide, 3 inches thick, 
let into and bolted to two brackets cast on the frame. 

The piston is of cast iron, in one piece, hollow, 6 inches thick, of ^-inch 
metal, i }i inches thick at the rim, having three packing-rings of }4-'mch 
square cast iron, sprung into place. The rings were turned to |^ inch larger 
diameter than the piston, then cut obliquely, and sprung into their places. 
The piston-rod is of Siemens mild steel, 2^ inches in diameter, let into 
and through the piston with a taper 3j^ inches and 2j^ inches in diameter, 
or I inch in a length of 5 inches, fastened with a nut 2j4 inches thick. 

The crosshead is of crucible cast steel, cast in one with the slide. The 
socket for the piston-rod is 6 inches deep, 4j^ inches in diameter outside, 
bored taper, from 2|^ inches to 2 inches. It is fastened on the end of the 
piston-rod with a steel cotter, and is forked to receive the connecting-rod. 
The gudgeon offers a journal 2}{ inches in diameter, 3J^ inches long, 
and is let into each side of the fork, with a taper, and fastened with a nut 
on one end. The slide is cast as a sleeve to embrace the guide-bar, 
io>4 inches long, with a brass liner above and one below the bar. 

The connecting-rod is a solid forging'of Siemens mild steel, 6j^ feet 
long, or 7J4 times the length of the crank. The bearing at the crosshead 
end is 2)i( inches in diameter, 3^ inches long, bushed with brass. The 
bearing for the crank end is 4}i inches in diameter, 6 inches long. The 
brasses arc halves, tightened by a cotter i^ inches thick, which acts on a 
bearing piece of steel at the back of the brass. An oil-cup is formed solid 
on the top of the connecting-rod. The body of the connecting-rod is 
round, uniformly tapered from 3^ inches in diameter at the larger end to 
2}4 inches at the smaller end. 

The cnink-shaft is a mild steel forging, 5>^ inches in diameter in the 
body, 7 inches for the eccentric. 6 inches for the journal, which is 12 inches 
lonij. 8 inches in the fly-wheel, anil 7>.j inches long, comprising a fillet 
^3 inch thick. The fly-whei^l is of oast iron, in one piece. 8 feet in diameter, 
having six radial arn\s. oval in section. inches by 3'i inches, tapered to 
4}i inches by 3 inches; at\d a rim 5 inches wide by 9 inches deep, panelled 
or indented '^ inch at each side. The centre is bor^^d out to a diameter of 
8 inches to fit the shaft, on which it is forced by ^ '^^ screws, and 

fastened with one steel key 2 inches by I inch* ht is cast 
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on the rim between two of the arms, so proportioned as to balance the 
weight of one-half of all the moving parts connected to the crank-pin. 
The crank-pin is of steel, having a 4j^-incli journal, 6 inches long, let into 
a boss on the fly-wheel centre, which is shrunk on it with a slight taper; 
and it is riveted over. 

The bearing for the crank-shaft, cast on the frame, has two brass bushes 
I J^ inches thick above and below the journal, ^ inch at each side. It is 
dosed with a ciist-iron cap, and two 1 J^-inch bolts and double-nuts. 

The eccentric for working the slide-valve is in two pieces, the larger of 
cast iron and the smaller of wrought iron, united on the crank-shaft by two 
Ij^-inch bolts, screwed and cottered, bored out to 7 inches in diameter, 
and turned to 14 inches; and 3 inches wide; and fastened with a steel key 
sunk into the eccentric. The strap is of cast iron, in halves joined with two 
long I', '16-inch bolts and double-nuts; having an oil-cup cast on the top. 
The eccentric-rod is of wrought iron, united to the strap with a palm joggled 
to the strap, and two r-inch screw-bolts and nuts. It is 5 feet gj^ inches 
long between centres, case-hardened at the eye on the lower end. The 
valve-spindle is of steel, i^ inches in diameter, having an upper member 
cottered to it, thickened to a diameter of 4 inches, which works in a guide 
bushed with brass, 8j^ inches long, bolted to the frame. 

The frame-plate is bedded on oak and fastened to the wall with ten 
Ij5-inch holding bolts and nuts, and two long cast-iron wall-plates at the 
back of the wall. These are of T section, 8 inches wide by 4 inches, of 
I -inch metal. 

Steam for the engines is supplied from a set of boilers which supply all 
the steam for steam hammers, &c. The main steam-pipe is overhead. It 
is 14 inches in diameter, and is reduced to 10 inches, 8 inches, 6 inches, 
and 4 inches. They aie coated with fossil meal. The steam condensed in 
the pipes is collected in receptacles, one at each engine, fitted with a gauge- 
glass ; and blown out at intervals by the attendant. 

The gross weight of the engine, complete with wall-plates, is about 
65^ tons, which includes 36"^ cwts. for the fly-wheel. 32 cwts. for the sole- 
ptate or frame-plate, and 1 ! % cwts. for the wall-plates. 

The price of the engine delivered is £183, or £28 per ton. 

OVERHEAD WALL STEAM ENGINE (SECOND DESIGN). 

CONSTRUCTED BY MESSRS. J. COPELAND & CO., GLASGOW. 
(Cylinder II inches in diameter, stroke 18 inches.) 

This wall engine, figs. 751, differs from the one just noticed in having 
the bed-frame or sole built into the wail. The cylinder is 12 inches in 
diameter, with 18 inches of stroke; of i-inch metal. The wall is 22 inches 
thick, and the opening in it is 2 feet 4j^ inches wide, and is occupied by 
the cylinder, which is placed vertically and centrally within the wall; and 
by the frame-plates, of i-inch metal, one at each side of the opening. The 
centre of the crank-shaft is 8}^ feet above the level of the floor. The shaft 
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is 4ji inches in diameter, and is double-cranked to take the connecting-rod. 
The connecting-rod is 3)^ feet long, or 4.33 times the length of the crank; 




it is forked to take the two journals of the crosshcad, and the bearings are 
each made with a cap and two bolts. The fly-wheel is 7 feet in diameter. 
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The cylinder is worked with an ordinary slide-valve, having i }( inches of 
outside lap, '/i6 inch of inside lap, 7i6 inch lead, and 5 inches of travel. 
There is }^ inch clearance between the piston and the cylinder at the top, 
and ^ inch at the bottom. A slipper-slide is cottered to the back of the 
crosshead, and it slides between two pairs of guide-bars. 
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PORTABLE STEAM ENGINES. 

Chapter XLVIII. 
PORTABLE STEAM ENGINE OF 8 Horse-power. 

(Cylinder lo inches in diameter, stroke 13 inches.) 




This engine, illustrated by figs. 752, 753, and J 
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multitubular boiler, surmounted by a single-cylinder engine, and supported 
on two pairs of wheels. The cylinder is lo inches in diameter, with a 
stroke of 13 inches, and the working pressure is 80 lbs. per square inch in 
the boiler. The engine makes 128 revolutions per minute, or a speed of 
piston of 277I3 feet per minute; and is capable of yielding, under ordinary 
conditions, 20 indicator horse-power; or even, on an emergency, 30 horse- 
power. 

The Boiltf. — The boiler, shown in detail in figs. 755, consists of a 
rectangular fire-box and horizontal flue-tubes, encased in a firebox-shell 
and a barrel or cylindrical 
inclosure, with a smoke-box 
and chimney at the other 
end of the barrel. The 
plates of which the boiler is 
constructed, including those 
for the smoke-box. chimney, 
and ash-pan, are of Siemens 
steel, of the ultimate tensile 
strength 27 tons per square 
inch. The plates of the fire- 
box and its shell are 5^ inch 
thick, those of the barrel are 
S/,6 inch, and those of the 
smoke-box 3/ 16 inch, except- 
ing the two tube -plates, 
which are e/.e inch thick. 
The fire-box is 2 feet %% 
inches wide, and i foot r 1 ^ 
inches long; falling in up- 
wards by half an inch at each 
side, to a width of 2 feet 
7J^ inches at the top. It is 
2 feet 1 1 >3 inches high inside, 
but tlie height above the 
level of the fire-grate is only 

2 feet 7J-J inches. The plate 
seams are single-riveted. 

The firebox-sheil is 3 feet 

3 inches wide by 2 feet 
6^ inches long, outside 
measure, leaving 2% inches 
of water spaces between the 
fire-box and the shell, which 
widen upwards to 3 inches 
at each side. The sides and 

the fire-box as well as those of the shell are of one plate, tU"^ * '" 
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the case of the fire-box to a radius of 25^ inches at the comers. The upper 
part of the shell is a semicircle turned to the radius of half the width. 
The front-plate and tube-plate of the fire-box are flanged to a radius of 
I J^ inches outside, and are riveted to the side and top plate. The front 
and back plates of the shell are similarly flanged to a radius of 2 inches 
ont.side, and riveted to the outside plate. The back-plate is also cut out 
and (lant^cd to join the barrel. 

The (ire-box is joined to the shell at the bottom with a wrought-iron 
frame of Z section, of J^-inch 
metal, to which each is riveted. 
The lire-hole is oval in form, 12 
inches wide by 9 inches, formed by 
a wrought-iron ring about 2 inches 
thick inserted between the plates 
of the fire-box and shell, the fire- 
box-plate being set out to meet 
the ring. They are riveted together 
with long rivets. The ring, it is 
considered, is very useful for main- 
taining the heat of the plates round 
the fire-hole, when the fire-door is 
opened, and obviating the ten- 
dency of the firebox-plate to crack, 
in consequence of the sudden con- 
traction to which, otherwise, tt is 
exposed. 

The walls of the fire-box are 
stayed to the shell with ^-inch 
stay-bolts of Lowmoor iron, spaced 
apart at 5-inch centres, screwed 
into the plates and riveted over 
thcni. The rtiof-platc, also, is supported by four girder-stays, placed 
lont^itudinally over the plate, 5 }^ inches apart between centres, standing 
1 inch clear of the plate, and taking a bearing on the back-plate and 
tiilK-pliite, liaih j;''^!^''' consists of a pair of l>ars of wrought iron, 
»ii inch thick uiid 3>tt' inches dcci>. riveted together 14 inch apart The 
r»H>f-pl.(to is Inched to Ciuh girtler with four •*4-inch bolts and nuts, at 
4*,ii«ch ccntrt-s. 

The l>i»ck-pl,ite of the shell is stiffened at the upper part with two 3-inch 
anj-lo-iiMtis, ^^ inch thick, applicil transversely, one above the other, riveted 
to \\w plate. 

v\n iamI nianhiJc. S inches by 10 inches, figs, ,-55 and 756, is cut in the 
(irelv'x -shell, ;« one side. ttlv>\T the tirv-lMx, The o^K-ninij is fortified vnth 
» rill); <>f wi>Mi};l\l i)»n pUte ,(<■, inches Uy is inch thick- f;—*-H to the 
sliell-pKueaUmt lhelv*le. The o)wmimi* closed t»- "^ii 

lUetAl, ap|tlie\) frv^iu within, Jointrvl with « rinv p 
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tightly with two ^-inch bolts and nuts, which pass through two wronght- 
iron cross-bars spanning the opening, at the outside. Oval mud-holes, 
3j^ inches by 2)4 inches, are cut in the shell, at each corner, near the 
bottom of the fire-box. They are each closed by a lid and a cross-bar. 

The barrel of the boiler is 6 feet 3j^ inches long, measured between the 
firebox -shell and the smoke-box. It is constructed of two rings of plates 
laid tclescopically, to a diameter 
of 2 feet 8>^ inches outside next 
the firebox-shel!, and 2 feet y]^ 
inches next the smoke-box. Each 
ring consists of two plates. The 
smoke-box tube-plate is Sanged 
outwards to join the barrel. 

The smoke-box is cylindri- 
cal, 2 feet 10^ inches in dia- 
meter, I foot 7J^ inches long 
externally. It laps over the 
end of the barrel telescopic ally 
for a length of 25^ inches; and is fastened to the barrel with 16 rivets, 
equally spaced round the circle, and a thick cast-iron strut-washer or ferule 
fitted between the plates to each rivet The joint is closed by a wrought- 
tron ring to occupy the annular interspace behind the washers. A circular 
opening is formed in the front of the smoke-box, closed by a circular door 
of 3/i6-inch plate, hinged by a pair of wrought-iron strap joints, and closed 
by means of two handles. A baffle-plate, ^ inch thick, is fastened to the 
door, on the inside, about i % inches clear, as a protection from the hot 
currents. A mud-hole is cut in the lower part of the tube-plate, and a 
hand-hole in the upper part. 

The longitudinal seams of the boiler are double- riveted, and the 
transverse seams are single-riveted, with ^-inch rivets, at a pitch of 
2 inches. 

There are 32 flue-tubes of wrought iron, lap-welded, 2^ inches in 
diameter outside, ^ inch thick, 6% feet long between the plates, placed in 
vertical rows, 3"^ inches apart between centres, or 1 inch clear. They are 
tightly fastened to the tube-plate at each end by means of an expander. 

The flue-tubes act effectively as stays between the tube-plates. In 
addition, the extreme ends of the shell, above the level of the top of the 
fire-box, are stayed with three i J^-inch through-rods, screwed into the back- 
plate of the firebox-shell, and secured with a lock-nut; and fastened at the 
other ends with two nuts inside and outside the smoke-box tube-plate. 

The area of the fire-grate is 5 J^ square feet. The heating surface of 
the fire-box is 34 square feet, and that of the flue-tubes is 136 square feet, 
making t<^ether 170 square feet, or 324 times the grate-area. 

For a working pressure of 80 lbs. per square inch, the boiler is tested in 
steam of this pressure; and also to the extent of 160 lbs. per square inch 
by hydrostatic pressure. 
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The base of the chimney, figs. 757, is of cast iron, ^ inch thick, 
9J^ inches in diameter inside, standing 14J4 inches above the crown of the 
smoke-box, fastened to the smoke-box with four bolts and nuts. A cast- 
iron ring is hinged to the upper 
flange of the base, to which the 
chimney is fastened, and by 
which it may be raised or 
lowered. The chimney is of 
steel. |8 inch thick, g% inches 
in diameter inside, and 9 feet 
2 inches in length, making a total 
height of about 16 feet above 
the level of the ground. The 
top of the chimney is ex- 
panded into a beil-mouth 15 
inches in diameter, over which 
a dished shield is fixed, for 
baffling sparks or cinders that 
may be drawn through and 
projected by the force of the blast. The shield is placed 3 inches clear 
of the chimney-top. 

The fire-bars are shown in figs. 758. They are of cast iron, taper in 
section, ^ inch thick at the upper edge, ^ inch thick at the lower edge, 

and 3j4 inches deep. The air-spaces are ^ inch 

wide. The bars are supported on angle-iron ^ — "^ 

bearers riveted to the front and the back of the C — ^^IL -D 

fire-box. They are half an inch shorter than ^**"'~^^"';,^",^"''^""'""" 

the fire-box, to allow for expansion by heat, or 

other irregularities, without causing pressure on the plates of the fire-box. 

The ash-pan is a shallow flat box of 3/,6-inch plate, to catch ash and cinder 

as they fall, secured to the side plates of the fire-box, which are extended 

downwards for the purpose. It is well fitted so as to exclude air; whilst 

by mean.s of the hinged lid 

or damper at the front, the 

draught of the fire may be 

regulated. 

The fire-door, detailed in 
figs. 759. is of cast iron, ^ inch 
thick. By a revolving perfor- 
ated disc in front, air supplied 
to the fire-box through the 
door is regulated, and the air- 
current is deflected and distributed over the fuel by a baffle plate fastened 
on the inner side nf the door. 

T/k Engine. — The bed-frame of the engine is in fact the boiler, which 
takes the stress of the engine — the cylinder being fastened on the firehAit- 
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shell, and the main bearings on the barrel, placed as closely as is convenient 
to the smoke-box tube-plate, for the sake of stiffness, 

The cylinder is, as before stated, lo inches In diameter, constructed for 
a stroke of 13 inches. The length between the covers is i6J^ 
leaving, after deducting the thickness of the piston. J^ inch clearance at 
the front end, and }i inch at the back end. The barrel of the cylinders 
is steam-jacketed ; the Jacket being cast in one with the valve-chest, whilst 
the barrel is a separate casting, "/16 inch thick, turned to fit and forced 
into the jacket. The jacket is of 9/,6-inch metal, and the steam-space is 





Figl jfo— Portabls EtibLdc: CylLndfr. Scale T,.'i6lJl. 

% inch, and is so formed that the condensation water drains directly into 
the boiler. The cylinder is fastened to the boiler with eight ^-inch bolts 
and nuts. The cylinder covers are ^^ inch thick, with r3/,6-inch flanges, 
each fastened to the cyUnder with eight 9/,6-inch screws. The valve-chest 
is divided into two parts, in one of which the slide-valve works. The slid&- 
valve is of the ordinary construction, and has ^ inch of lap, with '/le inch 
lead, and 2}i inches of travel. It is traversed by the spindle, which is of 
steel, }4 inch in diameter, and is connected to the valve by means of 
double-nuts at each end of the groove in which the spindle is lodged, 
secured in place by through-pins. The valve is not pinched by the nuts, 
but is free to adapt itself to the valve face. The valve slides on a flat 
seat at the lower side of tlie chest, and is held to the face of the cylinder 
by two ribs projecting from the valve-chest cover, which are in contact 
with two corresponding ribs on the back of the valve. 

The other division of the valve-chest is arranged for the reception of 
the stop-valve and throttle-valve. The stop-valve is a 3-inch circular valve; 
of brass, which can be secured to its seat by means of a double-thread 





screw, i^ inches in diameter, }( inch in pitch, turned by a hand-wheel, seen 
in figs. 752 to 754. The valve takes a flat circular bearing on its seat, only 
' ,'16 inch in width. It is of course opened under the pressure of the steam 
in the boiler, when released by the setting screw. Half a turn of the wheel 
is sufficient to fully open or close the valve. The steam 
is admitted to it through a short 
2j^-inch pipe, one end of which is 
screwed into the chest, and the other 
end IS passed through the boiler plate 
and bcrewed to it by a brass nut 
inside The throttle- valve, figs. 762, 
IS an equilibrium -valve of double 
entrance, 25/, 5 inches in diameter, of 
which the seat is screwed into the 
top of the stop-valve chamber. The 
valve slides vertically on the upper 
part of the seat, and opens one en- ^'p- 7^ -P">«bir 

ri«t.j*i.—Pon»ble Engine '^ .- , - , .- , Engine : ThroiUf-valvt 

Sw,(«aiw. s«ii.</.ih, trance a little in advance of the soie./,ih. 
other. It is controlled by the gover- 
nor, in connection with which it is shifted vertically by means of a J^-lnch 
square spindle through the top of the chest. The cylinder-casting is formed 
with flanges of ^^-inch metal, by which it is fitted upon the upper part 
of the barrel, with fitting strips, and bolted to it 

The steam is exhausted through a 2ji(-inch wrought-iron pipe, yi inch 
thick, direct to the chimney, into the base of which it is conducted by a 
continuation in cast iron, cast in one with the base, whence it is ejected 
centrally upwards into the chimney from a 3j^-inch nozzle. 

The Ramsbottom double safety-valve (figs. 763) is fixed with a level seat 
on the top of the cylinder. The valve-seats are 2 inches in diameter internally, 
and are screwed into the casting. The valves take each a flat circular 
bearing on the seat, 3/3^ inch in width. They are placed 5 1^ inches apart 
between centres, and are held down by an intermediate helical spring of 
3/16-inch square steel, 1% inches in diameter, placed in compression. The 
valves are thus loaded by the direct action of the spring equally divided 
between them ; the spring being brought to bear upon them by the medium 
of a cross-bar acting as a girder, formed with conical points to take a 
bearing on each valve. The valves arc correspondingly recessed on the 
top to receive the conical points, so that the points of contact are nearly 
in the plane of the valve-seats. On this system there is no risk of the 
valves heeling or jamming. The pressure on the valves is regulated by 
the nut on the upper end of the central spindle of the spring, which takes 
its bearing on the cross-bar, and is secured by a through cross-pin riveted 
to it when finally adjusted. The spindle is held upright in a guide at the 
upper part, just beneath the cross-bar, through which also the spring may 
be placed in compression initially, before the purchase of the nut on the 
cross-bar is exercised on it. One end of the cross-bar is extended an^ 
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used as a lever on the spring, by which the working of the valves can be 
tested manually; although it is impossible to augment the load on the 





valves by weighting the lever. The safety-valves are in direct and constant 
communication with the boiler through the steam-jacket, by an opening 
into it just below the stop-valve and independent 
of it 

The governor, shown in detail, figs. 764, stands 
on and is bolted to the top of the valve-chest 
Two balls are suspended from the top of a revolv- 
ing spindle, and they act by means of short 
0yyjB|B V\ ""'?T^ cams on a central rod, which is pressed down- 
^jwBiI&^A — - ^^■^s in proportion as the balls are spread ac- 
cording to the speed. The leverage of the balls 
thus obtained is at least as 4}i inches, the length 
of the ball-arm, to ^ inch, the length of the 
cam, or as 5j^ to I. But the effective leverage 
is much increased in virtue of the obliquity of 
the action of the cams on the horizontal surface 
of the central rod-head. In the extreme position 
of the balls the leverage is effectively about as 
8 to I. The central rod is maintained in con- 
tact with the cams by a helical spring, ^ inch in 
diameter, of ^-inch square steel, within the 
spindle; and is therefore pushed upwards by the 
spring as the balls descend and the cams rise. 
The spindle is driven by a square leather thong 
from the main shaft, in grooved pulleys about S'/i inches in diameter on 
the main shaft, and 3J4 inches on the governor spindle, through which 
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the gfovernor makes 3 1 1 turns per minute. The band is guided by two small 
pulleys runm'ng on a stud-pin fixed to the chimney-rest The central rod 
is connected with the spindle of the throttle-valve by a swivel. The valve- 
spindle passes through a stuffing-box in the base of the governor; but below 
the stuffing-box the spindle is squared in order to prevent the communi- 
cation of rotatory movement to the valve. For the position of the governor 
shown in figs. 764, the valve is wide open. As the governor revolves, the 
opening of the valve is reduced by the rising of the balls, and, if the 
governor be driven too fast, raising the balls to the position in dot-lining, 
it is closed entirely. The total lift of the valve is 5/,6 inch. The governor, 
it is stated, regulates the speed within 5 per cent limit of variation. 

The piston, figs. 765, is of cast iron, 2j^ inches thick. The body and 
the follower plate are of ^-inch metal, slightly tapered in thickness 
towards the circumference. They 
form a space i J^ inches wide for 
two packing-rings, each % inch 
wide. The rings are each in one 
piece, cut at one place; }4 inch 
thick at the cut, and gradually 
thickened to ^ inch opposite the 
cut. They are turned to a dia- 
meter J^ inch larger than that 
of the cylinder; then cut at one 
place. X 'ich wide; closed up, 
and turned down to the size of the cylinder. When finished they remain 
with a tendency to spring outwards, and so fit themselves tightly to the 
cylinder, assisted by (J-shape steel springs, ^ inch by s/jj inch in section, 
one end of each of which is fastened to the centre of the piston, and the other 
end presses outivards on a cylindrical brass glut which lodges between the 
bevelled ends of the ring and tends to press them apart. The centre of 
the piston is bored with a taoer to receive the piston-rod, which is of steel, 




Fig> 765— PoiQbJc Ei 




l^ inches in diameter, and is tapered to if^ inches for a length of 
2j^ inches — making a taper of i in 9. The rod is fastened by a nut on 
the end i»/i6 inches thick, secured by a through-pin, which serves also to 
hold the follower in place. 

The guide-bars, figs. 766, are two in number, one above and one bdo*' 
the piston-rod and crosshead, and are 6 inches apart between their work 
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surfaces. They are of cast iron, channel-shaped in section, or of trough- 
section, 4}^ inches wide over the flanges, and 5^ inches wide at the 
wearing surface. They are each fastened to the cylinder-cover by two 
^-inch screws, and by two other screws to a bracket which is fastened to 
the boiler, at a distance of 10 inches from the outer ends of the guide-bars 
measured to the centre of the bracket The angular movement of the 
connecting-rod causes considerable upward or downward pressure upon the 
guide-bars, midway in the stroke, and it is at this point that the support 
or bracket is fixed, instead of at the end, as is usuaJ. The bracket serves 
also as a guide for the slide-valve spindle. 

The crosshead, fig. y6y, is a square hollow block of cast iron, of ^-inch 
metal, 6 inches deep, and 3^ inches wide, to work between the guide-bars, 
and 5^ inches loi^. It is cottered to the piston- 
rod, which enters it for a depth of 3 inches, with a 
cotter ^ inch thick, l}^ inches wide^ The rod is 
tapered to a diameter of i^ inches at the end, 
making a taper of ^ inch in 3 inches, or i in 12. 
The gudgeon is of steel, giving a journal i ^ inches 
in diameter, 2}i inches long. The sides of the 
crosshead are each thickened to i}^ inches to give 
taper bearings to the gudgeon. The taper is ^ inch in the thickness, or 
1 in 10. The gudgeon is secured by a collar-nut, "/,6 inch thick, at the 
smaller end. The gudgeon is hollow, for the reception of oil, to lubricate 
by a wick. The end is closed by a brass screw-plug, drilled at the upper 
side for the admission of the oil. 

The connecting-rod, figs. 768, is of iron, 3 feet 8}4 inches long between 
the centres, or 6.85 times the length of the crank. It is i ^ inches in dia- 
meter at the smaller end, enlaig- 
ing gradually towards the lai^^r 
end, where it is 2}i inches in 
diameter. The bearing at the 
smaller end is i ^ inches in dia- 
meter, 2}i inches long, and that 
at the lai^erend is $% inches 
in diameter, 3^ inches long. 
The smaller end is solid foiled, 
with a rectangular opening for 
the reception of the brasses. 
These are tightened by a small transverse wedge, tapering at the rate of 
I in 7, drawn up and secured by two nuts. The larger end is formed with 
a rectangular butt, and a strap to hold the brasses. The strap is 
on the butt with two .>^-inch bolts and nuts, and the brasses 1 
by a cotter, tapered at the rate of 1 in g, which is screwed 
end and secured by double-nuts. An oil-cup, for sypb 
foiled solid on the strap, and stopped with a screw-pli 
The main shaft, figs. 769, 770^ is of Bessemer stc 
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of 6j^ inches. It is 3j-j inches in diameter, and has two journals, of which 
the journal next the crank is 5 inches long, and that next the fly-wheel 
is 6 inches long. The saddle-bracket, of cast iron, is hollow, of J^-inch 
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Fig. ?6>— Poruble EjigLne: CranV-jhoft. Scde i/iMh. 

It Is fitted on the barrel of the boiler, to which it is fastened 
■ ^-inch bolts and nuts. In plan it measures $0)4 inches wide, 
[ nearly half the circumference of the boiler. It is 24 inches 
The centres 
bearings stand 
225^ inches high above 
the edges of the saddle, 
and they are 35 inches 
apart transversely be- 
tween centres. The 
brasses are lodged in 
rectangular recesses in 
the bracket, with caps 
and oil-cups. They are 
parted at points form- 
ing angles of 45' with the horizontal centre-line, and are tightened at 
each bearing by the direct application of a set-screw and jam-nut 

The fly-wheel is 5 feet in diameter and 7 inches wide at the rim, which 
is turned slightly convex to 
receive the driving-belt. There 
arc six arms, oval in section. 

The slide-valve is worked 
by a single eccentric, of cast 
iron, with a cast-iron strap, 
6}i inches in diameter, i }4 
inches wide, on the main shaft, 
fis^' 77 '■ The strap is held to- 
:ther by two ^-inch bolts, 
are screwed into the 
half of the strap, and are 
" ' ' a jam-nut. The 

ijve may be varied, so as to vary the cut-off or period of ad- 
ffarying of the travel the eccentric is adjustable trans 
"V this object an oblong opening is cut in the 
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to admit of its being shifted across the shaft To fix the eccentric in any 
position, it is clamped to a 9-inch disc, which is keyed on the shaft, and 
to which it is joggled by a bolt which is screwed into the eccentric, and is 
adjustable to any position in a slot cut through the disc. When the piston 
is at the end of the stroke, the slot in the disc, as well as the oblong open- 
ing in the eccentric are vertical, or at right angles to the horizontal centre- 
line of the motion, as shown in figs. 771. The angular advance of the 
eccentric in full throw is indicated in this figure, giving the linear advance, 
(5^ inch lap-|-'/i6 ^^^^h lead=) "/16 inch, already stated. The eccentricity 
of the eccentric, or its radius, in this position, equivalent to the full-gear of 
ordinary expansion-gear, is i J^ inches, making the throw and the travel of 
the valve (iJ^X2 = ) 2}i inches. When the eccentric is shifted across the 
shaft the radius of motion is reduced, though the linear advance remains 
unaltered, until, when the centre of the eccentric arrives on the horizontal 
centre-line, the radius is just equal to the linear advance, "/16 inch, and the 
travel of the valve becomes a minimum of ("/16 X 2 = ) i ^ inches. Travers- 
ing the eccentric still further across the shaft, it may be set correspond- 
ingly for the reverse motion of the engine. 

The valve -spindle is enlarged, outside the valve-chest, to a diameter 
of i^ inches, to work in the guide, forming part of the bracket of the 
g^ide-bars, with ample wearing surface. Beyond the bracket the eccentric- 
rod is pinned to the spindle. 

The feed-pump is single-acting. It is fixed vertically to the saddle 
at one side, and is worked direct by a cast-iron eccentric and strap on 
the main shaft The ram is of brass, lyi inches in diameter, hollow, 
5/32 inch thick, and it has a stroke of 2)^ inches. The eccentric-rod is 
pinned to a stud solidly fitted into its place in the bottom of the ram, 
and fastened with a nut The body of the pump is of cast iron, yi inch 
thick. It is bored out at the lower part for a depth of 2j^ inches, to 
fit the ram, and together with the stuffing-box gland to g^uide it The 
water is taken into the pump at the lower end through the suction-valve 
at one side, and is delivered through two consecutive delivery-valves at the 
opposite side direct into the boiler behind the pump. The valves and valve- 
boxes are of brass. The boxes are screwed into the body of the pump, and 
as they face each other they form a direct thoroughfare for the feed-water 
across the pump. From the second delivery -valve the water passes 
through a short ^-inch wrought-iron tube, screwed into the pump at one 
end, and at the other end into a cast-iron flange bolted to the boiler, 
with lock-nuts. The valves, figs. 772, are }i inch in diameter, and the 
lift of 3/x6 inch is defined by plugs screwed in from above. They are 
seated at the angle 45'', and have 3/39 inch width of bearing. A three-way 
cock is connected to the delivery - valve box, communicating with the 
delivery-box, the overflow, and a branch from the exhaust-pipe. When this 
cock is shut, all the water raised by the pump is forced into the boiler. 
When opened, a portion of the water is diicharcred through the overflow 
pipe and returned to the supply tan^ ^ water is supplied 
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to the pump and returned to the cistern through india-rubber hose-pipes 
communicating with the tank. 

To heat the feed-water, a portion of the exhaust steam is conducted 
through a j^-inch iron tube to the three-way cock. The steam can be 
allowed, by adjusting the 
cock, to pass down the 
overflow-pipe to the feed- 
water. The pump is con- 
tinually in action, lifting 
water, which is circulated 
through the valve-boxes 
when not required for 
feeding the boiler, and 
returned to the cistern. 
By this means the pump 
is kept cool at all times, 
and the chance of its be- 
coming heated when not 
in use, and refusing to 
draw when turned on to 
the boiler, is obviated. 

Mounting, &c. — On 
the front of the boiler are fitted a steam-pressure 
gauge, a glass water-gauge, and a pair of gauge- 
cocks, and a blow-off cock at the bottom of the 
fire-box for the regulation of the boiler. A i^-inch 

fusible plug, of brass cored with lead, is lodged in the crown of the 
fire-box, and a brass screw-plug in the man-lid, by removing which a 
way is made for filling the boiler with water. A brass screw-plug is let 
into the smoke-box tube-plate, by removing which an opening is made 
for cleaning out the barrel of the boiler. A lubricator or tallow-cup is 
fixed on the valve-chest; and a pair of water-cocks are screwed into the 
lower side of the cylinder, coupled by a rod, and opened together, to 
let off condensed steam. 

The barrel of the boiler and the steam -cylinder are clothed with slats 
and cased in sheets of charcoal-iron. The whole of the engine, excepting 
the bright parts, is painted in bright colours, picked out witli lines and 
varnished. 

The outfit includes a complete set of firing tools, spanners, a slipper and 
chain for scotching the wheels, and everything else that is requisite for plac- 
ing the engine in complete working order, together with a waterproof cover. 

With respect to the undcr-carriage, the boiler is, in fact, the foundation 
for that, as it is for the engine proper. The hind-wheels and the fore-wheels 
are respectively connected to the fire-box and the smoke-box, at a distance 
of 8 feet 4j^ inches apart between centres. They are of wrought iron, with 
a cast-iron nave; and are respectively 4j^ feet and 3)^ feet in diameter. 
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and 6 inches wide at the tyres. They have each twelve arms, formed of bars 
of iron 3 inches by ^ inch in section, bent to form sectors, which are put 
together to form the wheel, and are bound together by the nave which is 
cast around them, as shown in section in fig. 774. The two halves of each 
arm are riveted together, and the tyre, which is ^ inch thick, is shrunk on 
the wheel and riveted to each sector. 

Each hind-wheel is mounted on a short axle-arm, fig. 774, bolted to the 

side of the fire-box, consisting of a 
wrought-iron axle, on the inner end of 
which a round disc is cast The 
bearing part of the axle is g^i inches' 





Figt. 773.— Portable Engine: Hind-wheels. 
Scale i/a4th. 



FiS- 774* — Portable Engine : Section of Naye 
of Hiod-wheeL Scale r/iatth. 



long, and is 2^ inches in diameter, tapering to 2 inches at the end. The 
disc is 12 inches in diameter, and is fastened to the fire-box with six 
)^-inch stud-bolts and nuts. The axle-arm is slightly inclined downwards, 
at the rate of i in 24, and the wheel is kept on the axle by a linch-pin 
passed through a collar. A brass cap is screwed on the end of the nave, 
forming a receptacle for the lubricant. 

The fore-carriage, figs, 775, is constructed for turning or locking move- 
ments, and also for rocking movements by means of a ball-and-socket 
bearing. This bearing is of cast iron, and is 15 inches in diameter, with a 
versed sine or hollow of 3 inches deep. The bearing parts are of i-inch 
metal, and the renuunder of ^-inch metal. The upper member is fitted 
to and bolted to the smoke-box with four )^-inch bolts and nuts. The 
lower member is bolted to the fore-axle with two i-inch bolts and nuts. 
A safety-pin or stud cottcrcd into the centre of the upper member, passes 
downwards through circular oi)enings in the lower member and the fore- 
axle» sufficiently wide to allow for rocking movements, and carries a large 
check-washer supix>rted by a cotter through the lower end of the pin. 
Stojvs are fixed at the back of the ball-and-socket joint, by which the fore- 
carriage is prevented fn>m turning round too far. The fore-axle is of 
wrought in>n, 2}4 inches square* formeil with ciinical journals at the ends. 
The splinter-b;ir is formal of 3-inch anglc-iron» }4 inch thick, and is 
connected to the axle by two wn^ught-iron anus. The horse-shafts are 
connectcil to the splinter-bar in the usual manner. 

Evans & Wansbnnigh's ivntrivancc f ""^u^g the chimney 
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is illustrated in fig. 752, page 394; in which one of the horse-shafts is 
employed for counterweighting the chimney, being coupled by a rod to a 
bracket cast on the base-ring of the chimney. By slight exertion, one 




: g=J^=^ 



man can at once raise or lower the chimney. Where the chimney is heavy, 
the lift is effected in two st^es. 

The portable engine complete weighs S % tons, comprising 35 cwts. the 
weight of the boiler, 4^ cwts. the weight of the saddle, and 7^ cwts. the 
weight of the fly-wheel. The price of the engine complete is £igo, or 
£56, 41. per ton of weight, or £2^, i$s, per nominal horse-power. 

The S-horse-power portable engine is reckoned to work to 2j4 times 
the nominal power, or 20 indicator horse-power, with a consumptinn nt 
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boiler, including the smoke-box, is 10 feet 10 inches. There are thirty flue- 
tubes 2^ inches in diameter, 7 feet long between the plates, and i^ inches 




SoJe i/jid. 



t^part between centres. The chimney is 10 inches in diameter. The crown 
of the firebox-shell finishes flush with the barrel, and is elliptical in cross 
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It is stayed by the cylinder casting, iriiidi is ffnmed with a wide 
base, and is bolted to tlie boiler. 

The grate-area is 647 square feet, and tliere is 164. square feet of heat- 
ii^ surface, or 25,3 times the grate-area. The shell^lates are of Siemens- 
Martin mild steel, or Stafford^re iron ; the fire-box is of Siemens-Martin 
mild steel, or Leeds iroiL The plates of the barrel are s/16 inch thick; 



/Z^v 
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those of the outer and inner fire-box H inch thick, and the tube-plates are 
^ inch thick. The seams are double-riveted. The flue-tubes are of iron, 
lap-welded. The test pressure is 160 lbs. per square inch. The boiler 
is clad in wood, inclosing a l-inch air-space, and covered with sheet iron. 

The cylinder is placed centrally over the boiler — not at one side as 
is usual By this disposition midway, the crank is necessarily placed at 
some distance from the bearings. But there is, it is stated, no sign of 
weakness in consequence No extra cranks have been supplied for such 
engines, many of which have been at work for more than thirty years. The 
cylinder is 10 inches in diameter, ^ inch thick, with a steam-jacket round 




the body only, inclosing a i-inch steam-space. The steam-ports are % inch 
by 5^ inches; the exhaust-ports are i^ inches long. The steam is ex- 
hausted from the cylinder through a 2Ji-inch cast-iron pipe s/is inch thick, 
on the top of the boiler, ending in a 2-inch nozzle in the chimney. The 
piston, figs. 779, is of cast iron, 3% inches thick, in two parts, of J^-inch 
metal, fastened te^cther by being screwed on to the piston-rod and secured 
with a nut. The piston-rod is of steel, i9/,6 inches in diameter; but in the 
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piston the rod is l^ inches. The packing consists of two cast-iron rings, 
each Ji inch wide on the face, ^ inch thick. The piston-rod is screwed into 
the crosshead, and is secured by a 
check-nut, and by a pin through the 
base of the crosshead. By this com- 
bination the length of the piston-rod 
may be adjusted for the wear of the 
connecting - rod. The crosshead, 
figs. 780, is guided by two pairs of 
cast-iron guide-bars, each 2 inches 
wide, between which are the guide- 
blocks, of cast iron, 6 inches long, 
without flanges, and pinned on the 
ends of the gudgeon. The connect- 
ing-rod, figs. 780, is of hammered 
scrap iron; it is 3 feet g}^ inches 
in length, or seven times the length 
of the crank. It is made with cap- 
and-bolt ends. The crank-shaft is 
4 inches in diameter. It carries a 

fly-wheel 5 feet in diameter, 9 inches wide at the rim. The bearings a 
2 feet 1 1 % inches apart between centres, and the crank being, of c 
line with the cylinder, is mid- 
way between the bearings. 

The valves and valve-gear 
consist of a main three-ported 
valve, 2% inches thick, which 
is driven by a fixed eccentric, f 
with a fixed travel, and an ex- 
pansion grid-valve, driven by 
a separate eccentric, by whicii 
the steam can be cut ofl" at 
half- stroke, or any shorter 
length. The lap of the main 
valve is 's/,6 inch, the lead 
3/i6 inch, and the travel 2 
inches. The travel of the ex- 
pansion-valve also is 2 inches. 
The means of adjusting the 
expansion-eccentric, and fix- 
ing the eccentrics, are shown 
in figs. 781 and 782. The ex- 
pansion-eccentric is adjustable 
into position, on a bolt which passes through a s^^ental slot in the 
eccentric. This bolt also passes through the main eccentric » 
which is keyed on the main shaft By screwing up the nut 
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the eccentrics arc fixed in the positions assigned to them. The main 
r<:ccntric is 7J4 inches in diameter and ij^ inches wide; the expansion- 
eccentric is 7J^ inches by i>^ inches wide. The hoops are of brass, and 
urc J^ inch narrower than the eccentrics. They have oil-cups at the 
bftck of the shaft, in the horizontal centre-line — more plainly shown in 
fifjs. 781. The rods are fastened in sockets cast on the hoops, with two 
round pins to each. 

Although many of the portable steam engines manufactured by Messrs. 
Ransomes, Sims, & Jefferies are fitted with a superposed expansion-valve 





Figs. 782. — Ransome's Portable Engine: 
Ordinary Slide-valve and Eccentric. 




as described, the greater proportion are fitted with a plain single slide-valve 
and eccentric, as shown in figs. 782. The eccentric is bolted in position to 
a disc fixed on the main shaft, and an alternative hole is made in the 
eccentric, through which it may be bolted to the disc in position suitable 
for reverse running. The valve has ^ inch of lap and 3/,6 inch of lead ; 
and cuts off" at half-stroke. 

An automatic variable- expansion gear, figs. 783, is often applied by 
Messrs. Ransomes & Co. to portable steam engines for driving machinery, in 
which the power required varies quickly. The main valve is of the same 
ruling dimensions as already given ; and, as before, it is driven directly by 
one eccentric, with a fixed cut-off" and expansion. The expansion-valve is 
worked by a shifting link -motion, of which the throw of each eccentric 
is 2}^ inches, and the maximum travel of the valve is a little less. The three 
eccentrics are separate, but are fastened by one bolt and nut to a disc keyed 
on the shaft. They have alternative holes, by which they may be fixed for 
ftverse running. The eccentric-rods are 4 feet i}4 inches long between 
Centres, and the link is 7^ inches long, very short in proportion to the 
|pi)s« The link is a single solid bar of rectangular section, }i inch by 
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I inch; and it works through a steel die put tt^ether, in two halves, into 
a circular socket formed in the valve-sptndle, within which the die recipro- 
cates to the changing angle of the expansion-link; as detailed in figs. 784. 
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Fill. 784.— Rauomt'iPDiuble EnginE! DeUil of Link-coDKcdoD wilh Eipuuion-nln Spiodle. Sole i/tlb. 

The valve-rod or spindle is ^ inch in diameter, in two pieces, united 
by a brass link, to which each piece is fixed: the inner piece by double- 
nuts, and the outer piece by being screwed into the link, and secured by 
a jam-nut Thus the length of the spindle may be accurately adjusted. 
The outer end of the outer piece 
is enlarged to i inch in diameter, 
and works in a cast-iron guide 3 
inches long, bolted to the guide-bars. 
The valve-rods are formed with 
crossheads received in correspond- 
ing recesses found in the main and 
the expansion valves. The expan- 
sion-link is sustained by a link from 
a wyper on a transverse shaft above 
the boiler, the other end of which 
is connected by a wyper to the 
counterweight of the governor. The 
weight of the expansion - link and 
rods, except what is carried by the 
eccentrics, is more or less balanced 
by a counterweight for different 
speeds, the unbalanced weight being 
sustained by the governor, through 
the medium of the transverse shaft 
and the wypers ; and as these are in 

the ratio of 2 to i the dead stress is 

equal to twice the sustained load. 
The governor is on Porter's system, and is driven by a band from 
a pulley on the main shaft, at a speed of 230 turns per minute. 

The weight of the boiler is 50 cwts. ; that of the engine 40 cwts. ; wheels, 
axles, &c, 1 5 cwts. ; total weight S tons ■ 
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The feed-water is supplied to the boiler by a continuous-action pump. 
The cock for regulating the supply is placed in the discharge-pipe instead 
of the suction-pipe; and when the water is to be pumped into the boiler, 
this cock is shut When the supply of water is to be cut off from the boiler 
this cock is opened, when the dischai^ed water returns to the tub or tank, 
and intermixed with it is a portion of the exhaust steam led from the 
exhaust-pipe by a pipe which joints the overflow-pipe. Thus the feed- 
water is heated by wasted steam. The sectional view, figs. 785, shows the 
internal arrangement of the pump, but without any connection with the 
exhaust-pipe. The inlet passage for the water from the pump to the boiler 
is shown in horizontal section. It may be easily cleaned by undoing the 
screw plug. 

STRAW-BURNING PORTABLE STEAM BOILER. 
CONSTRUCTED BY MESSRS. RANSOMES, SIHS, & JEFFERIES. 

The introduction of this straw-burning boiler, shown in £g. 786, is due 
to the original patent of Head & Schemioth, taken in January, 1872, which 
comprises principally the feeding apparatus at the front of the boiler. This 
patent was supplemented by a second patent, by Mr. John Head, in the 




Fis. iW.— Ruuouh'i Stnw-buniSnK Porablc Suim Boiler, Scale i/i4th. 



same year, which comprised amongst other things a water-pipe from the 
feed-pump, introduced into the ash-pan, through which the ash-pan was 
automatically supplied with a continuous jet of water, by which stray 
embers were extinguished, and so reducing the danger of working near 
straw-stacks. More recently, in 1877, Messrs. Head & Jefferies' baffle- 
plates within the fire-box, in front of the tube-plate, were added, whereby 
the liability to block the tubes by deposit from the burning materia' 
been entirely obviated. A long running can be made without any s 
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attention to the state of the tubes; in fact, it is stated that, after a day's 
work, the quantity of deposit on the tubes and in the smoke-box is but 
little more than when coal is used. 

For straw-burning, the fire-box is made of i*^ times the length of the 
ordinary fire-box, in order, whilst maintaining the same grate-area, to make 
nx>m for the bridge and baffle-plate, and to increase the fire-box heating 
surface In the illustration, fig. 7S6, the fire-box is 3 feet long, and the 
grate is 2 feet long, with ordinary fire-bars. The two baffle-plates are of 
cast iron, ^ inch thick, with stiffening flanges: one suspended at the end 
of the grate, acting as a bridge, 21 inches high, and the other suspended 
directly in front of the flue-tubes. For the purpose of removing any ash 
that may fall between the bridge and the tube-plate, a door or flap hinged 
to the back of the fire-box, and closing the interspace, is let down, and the 
ash escapes into the ash-pan. It is kept closed while the boiler is at work, 
the lever being pulled back and secured by a catch on the axle. 

The straw is fed through a rectangular opening into the fire-box by a 
pair of serrated rollers 4 J^ inches in diameter, making 50 turns per minute, 
between which the straw is seized. 

The average heating surface of the boiler is at the rate of from 20 to 
25 square feet per nominal horse-power. For the lo-horse-power boiler, 
there is 193.5 square feet of surface. The consumption of straw is from 
10 pounds to 13 pounds per break horse-power per hour. In actual 
practice, the straw-crop yields sufiicient fuel for thrashing the com, grinding 
the grain into flour, and cultivating the land for the next crop; leaving 
unused from 5 per cent to 1 5 per cent of the straw. Thus the grain crop^ — 
so far at least as wheat is concerned — supplies its own fuel for all the 
agricultural operations. 

The following are the results of special comparative trials of portable 
steam engines fitted with the straw-burning apparatus, and the ordinary 
fire-box. The first was a 10-horse- power engine, having a lo-inch cylinder. 
with a stroke of 13 inches, making 140 turns per minute, yielding 30 horse- 
power at the break. The heating surface was over 184 square feet The 
fire-box had a grate-area of 6.47 square feet The trial lasted 2 hours 
16 minutes, when the straw was consumed at the rate of 318.G pounds per 
hour, or 33.8 pounds per square foot of fire-grate, or 10.93 pounds per 
break horse-power per hour. 

Tlie second engine was of 8 horse-power, having an ordinary fire-box, 
with a grate-area of 5.12 square feet, and 14S square feet of heating surface. 
The cylinder was g}i inches in diameter, with a stroke of 12 inches, making 
140 turns per minute. During a run lasting 3 hours 21 minutes, 16.75 horse- 
power was given out at the break; 282,4 pounds of straw was consumed 
per hour, or 55.2 pounds per square foot of fire-grate, or 16.86 pounds per 
break horse-power per hour. 

Here it appears that by the employment of the straw-burning apparatus, 
ihe con.>iumption of straw per horse-power produced was reduced one- 
Ihird. 
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Chapter L.— CONCLUDING REMARKS ON ORDINARY 

PORTABLE STEAM ENGINES. 

The descriptions already given of portable engines apply substantially, 
with but slight differences, to the engines of most leading English manu- 
facturers. 

It has been objected to the use of tie-rods connecting the cylinder and 
the main-shaft brackets, that the stress induced by the expansion of the 
boiler, while steam is being raised, the rods remaining cold, must be much 
in excess of the strains due to the ordinary work of the engine. To obviate 
this objection, Messrs. Ruston, Proctor, & Co. provide a means of heating 
the stays by making them tubular, and admitting steam from the boiler 
into them. By this arrangement, expansion takes place alike above and 
below. Messrs. Marshall, Sons, & Co. obviate the difficulty by making the 
brackets of wrought-iron plates, flexible, so that while the upper part of 
the bracket is rigidly connected to the cylinder by the stay-rods, the lower 
part is relatively free to move with the expansion and contraction of the boiler. 
Messrs. Homsby & Sons, according to one of their designs, place the 
cylinder and valve-chest entirely in the steam-space of the boiler, in an up- 
ward extension of the fire-box: so thoroughly steam-jacketing the cylinder. 
Many manufacturers fit their engines, when desired, with automatic 
expansion-gear, as already exemplified in the practice of Messrs. Ransomes, 
Sims, and Jefferies: the travel of a separate expansion-valve, and therefore 
also the period of admission, being varied by the action of the governor in 
controlling the position of a link connected to the eccentric rod or rods. 
Nearly all makers fit their engines, when desired, with the Meyer expansion- 
gear. 

Many firms fit their portable engines with chimney-lifters. Mr. James 
Coultas, Grantham, was the first who adopted such apparatus, consisting 
of a small winch fixed to the front of the smoke-box, to which a chain from 
the top of the chimney was led, the chain being held about 10 inches clear of 
the lower end of the chimney for the sake of a purchase to start the chimney 
from its horizontal position. Messrs. Marshall, Sons, & Co. employ, for the 
same purpose, a screw system fitted to the lower flange of the chimney. 

Table No. 166 gives particulars of single-cylinder portable engines of 
various powers; and table No. 167 gives the same for double-cylinder 
engines. These quantities are averages of the best practice. 

For the measure of nominal horse-power the dimensions of the cylinders 
given in the tables are such as to give about 1 1 circular inches of piston- 
area per horse-power. 

The speed of piston is at the rate of from 250 feet to 270 feet per minute. 
The area of fire-grate is at the rate of from ^ square foot to % square 
foot per nominal horse-power. 

The area of heating surface is at the rate of from 22 square feet to 
16 square feet per nominal horse-power. 
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Table No. i66. — Single-cylinder Portable Steam Engines:- 
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-DOUBLE-CVLINDER PORTABLE STEAM ENGINES:— 
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The area of heating surface varies from 25 times to 32 times the grate-area. 

It may be taken that, generally, water can be evaporated at the rate of 
2 cubic feet per square foot of fire-grate per hour, for a consumption of 
15 pounds of good coal per square foot per hour, and that the indicator 
power can be got up to from 2 "^ times to 3 times the nominal power. 



Chapter LI.— "A" COMPOUND PORTABLE STEAM ENGINE. 

CONSTRUCTED BY MESSRS. R. GARRETT S SONS, LEISTON, St;FFOLK. 
(Cylinders 7 inches nnd 10^ inches in diameter, stroke la incbes.) 
It appears that Messrs. John Fowler & Co., Leeds, exhibited a com- 
pound semi-portable engine at the show of the Royal Agricultural Society, 
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Kilburn, in 1879; in which the cylinders were fastened to a separate foun- 
dation-plate placed beneath the boiler. Messrs. R. Garrett & Sons, 
Leiston, were the first who exhibited a compound portable engine which 
was shown at the Society's Meeting, Carlisle, in 188a In this engine, the 
cylinders were fastened to the upper surface of the shell of the boiler. 

The compound portable engine resembles in general arrangement the 
single-cylinder portable engines already described. The two cylinders are 
placed horizontally side by side on the top of the firebox-shell, and are 
connected to a double-crank shaft carried in bearings on a saddle on the 
boiler near the smoke-box. 

The boiler-plates are of Landore steel, of a standard tensile strength of 
from 29 tons to 30 tons per square inch. The shell-plates are s/i6 inch 
thick. The plates of the fire-box and the tube-plate of 
the smoke-box are J^ inch thick. The firebox-shell is 
3 feet 4 inches long, 3 feet wide, and 4 feet 2 inches high, 
outside. The front and back plates are flanged to join 
the sides and top. The barrel is in two rings, each being 
one plate, of which the greatest diameter outside is 
2 feet 8 inches, and the minimum inside diameter 2 feet 
6^ inches. 

The fire-box is 2 feet 8j4 inches long by 2 feet 4^ 
inches wide inside, and 2 feet 10 inches high. The 
highest part of the roof is 2 feet 5 inches above the fire- 
grate. The water-spaces are about 3 inches wide. The 
■) j roof of the fire-box is corrugated to form two longitudinal 

n arches separated by an invert ; whilst it is slightly arched 

D ^^ longitudinally, having a rise of about an inch. By this 

" conformation, in which the corrugation is 4 inches high, 

the roof is sufficiently stifllened to resist the pressure of 
pou^ PoTuhk Enp.ie: the stcani without the aid of the usual roof-stays. The 
i/Mh. """* ^''' results of experience have shown that the resistance of 
this roof is perfectly satisfactory- ; and that the durability 
ofthe fire-box is increased materially by the freedom for expansion and con- 
traction, whereby any considerable seating of the crown-plate is prevented. 
Messrs. Garrett obscr\'c tliat the evaporative efficiency of their boilers 
constnicttxi with a corrugated roof to the fire-box is greatly increased by 
the water-pocket fonned between the corrugations, and by the freedom 
from scale consequent uixm the (.'lasticity of the structure. 

The fire-box is sot out at the bottom to join the shell, to which it is 
ri\ctej ilirectlw It is dished at the fire-hole, as in fig. 788, and is joined 
to the shell with a thin rinjj between them. 

The longitudinal st-anis of the shell are double-riveted, the transverse 
scams of the shell and those of the fire-box are single-riveted, as in 
figs, 7Sii The rivets arc .^^ inch in diameter, and are cup-headed at 
each .sivie of the joint, the rise of the cup-heads being fi inch, and 
their diameter 1 '4 inches. For m ^e rivets are pitched 
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at I's/i* inches, and the plates have 2}i inches of lap, or I'/is inches at 
each side of the centre-line of the rivets. For double-riveting the lap is 
3*/ie inches, of which there is w/,* inches the "spacing" or distance apart 
of the centre-lines of the two rows of rivets, and i'/i6 inches at each side. 
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The rivets are pitched at 2^ inches longitudinally, and i'i/i6 inches 
diagonally or 77 per cent of the longitudinal pitch. 

The walls of the fire-bojc are connected to the shell by |^-inch stay- 
bolts of mild steel, Siemens-Martin, at 4)4 inches pitch, screwed into the 
plates and riveted over. The upper part of the shell 
is stayed by three i>s-inch rods, which are pinned 
to a T-iron bar 5 inches by 3 inches, riveted across 
the back of the firebox-shell, and to eye-studs, 
figs. 790, riveted to the smoke-box tube-plate. 

There are 37 iron flue-tubes, 2 inches in diameter 
externally. No, 11 gauge in thickness, 6}.{ feet in 
length between the plates, pitched at 3 inches between 
centres and i inch clear. They are fixed into the fire- 
box tube-plate by being expanded and beaded or 
riveted over, as in figs. 79T, and into the smoke-box 
tube-plate, which is bored out to a diameter of 2% 
inches, by simply expanding, as in figs. 791. They 
project J^ inch from the face of the tube-plate, in order that when they 
arc burnt away at the fire-box end they may be driven back from the 
smoke-box, re-expanded at each end, and beaded at the fire-box end. 

The regular water-level is 4 inches above the crown of the fire-box; 
and the capacity of the steam space is about 
I4J-a cubic feet 

The smoke-box is of "^-inch plates, and 
is 22 inches long inside, and 3 feet in diameter, 
making the total length of the boiler-shell 
and smoke-box over all 1 1 feet 7 inches. 

The chimney is 9 inches in diameter, No. 14 
gauge in thickness, and is 10 feet 9 inches 
high above the smoke-box, or 14 feet 5 inches 
above the level of the fire-grate. The chimney and the base are hinged 
together by means of angle-iron hoops. A lever-arm is sometimes provided 
fcr raising and lowering the chimney. 
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The fire-bars, figs. 792, are of cast iron, 17 in number, 2 feet 8 inches 
long, of which 15 bars are is/ifi inches thick, with 5/,6-inch air-spaces; and 

two are 2j^ inches thick. They are bevelled 

' - downwards at each end, in order to obviate 

the jamming of chnker between the ends of 

the bars and the fire-box. 

'pWian ^ajei/aoth. ' The area of the fire-grate is 6.3 square 

feet; and the heating surface comprises 29 

square feet of fire-box surface, and 126 square feet of tube surface — 

together, 155 square feet, or 246 times the grate-area. 

The cylinders, figs. 793, are in one casting, and are 7 inches and io}4 inches 

. in diameter respectively, with a stroke of 10 inches. They are "/16 inch thick, 

and the covers are ^ inch thick. The areas of the pistons are as I to 2.25. 

The steam-ports for 
each cylinder are 
i}4 inches by 5 
inches, making 5^ 
square inches of area, 
or '/6.8 part of the 
area of the first pis- 
ton, and '/,s.4 part 
of the area of the 
second piston. The 
slide-valves aresetto 
cut off at half-stroke 
in each cylinder; 
and the nominal 
ratio of expansion in 
each cylinder being 
2, the total nominal 
ratio is (2x2 = ) 4 
But the clearance 
between the piston 
and the valve at each 
end of the stroke 
is to be reckoned 
with. It is equal 
Fig^j«,-o.,T,.,-.PoruycEnsi«:cj.hn,i.r. s«i. ,',«.h. ^o 13.8 per Cent of 

the stroke for the 
first cylinder, .ind to 8.S per cent for the second cylinder; and the 
actual ratios of expansion arc, therefore, respectively as (50-1-13.8) to 
<ioo+l3.8), or I to 1.78; and as (so+S.S) to (100-1-S.S), or 1 to 1.8s, and 
the total compounded actual ratio is a.s 1 to 3.30. 

The clearance spaces and the intcrnieiliatc space between the cylin- 
ders, consisting of passages and slide-chesl. are here stated for com- 
parison : — 
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Total deanuice in the first cylinder, 53 cubic inches, or .030 cubic foot 

Do. second da, 76 „ or .044 „ 

Total space between the cylinders, 410 „ or .237 „ 

The receiver space between the cylinders is not quite half of the working 
capacity of the second cylinder which is supplied by it The cylinder 
capacity is 866 cubic inches, or half a cubic foot. 

The cylinders are clad with felt sheets and sheet-iron casing. 

Steam is admitted direct from the boiler to the starting-slide chest at 
the top of the cylinder-casting, through a passage 2% inches in diameter, or 
'}6.$ part of the area of the first piston. The steam -Joint between the 
cylinder and the boiler is formed by accurately chipping the casting, and 
the use of a thin ring of asbestos paciting. The slide travels horizontally 
on a flat face, and steam can be admitted to both cylinders at once. It is 
moved by hand through two bell-crank levers. The first of these consists 
of the handle at the back 
of the fire-box, of is-inch 
radius, and a i-inch arm at 
right angles, making a lever- 
age of IS to 1. Through 
the second bell-crank, which 
has equal arms, the motion 
is conveyed to the stop- 
valve. The supply of steam 
to the cylinder Is regulated 
by a throttle -valve, which 
works in a cylindrical neck- 
ing 2 inches in diameter, 
formed in the steam -pipe 
between the boiler and the 
stop-valve. It is controlled 
by the governor through a 
lever acting on an arm fixed 
on the valve -spindle, the details of which are shown in figs. 794. The 
governor is an ordinaiy governor having two 4-inch balls on 9-inch arms, 
and a central weight, 5 inches in diameter, in one piece with the grooved 
sleeve on the spindle. The spindle is ]4 '"ch in diameter, and makes 
no turns per minute. It is driven by a band from the main shaft, with a 
vertical pulley and bevel wheels in the governor-bracket 

The slide-valves are driven by eccentrics, 7^ inches in diameter, with 
2^ inches of travel. The outside lap is '3/,6 inch, the lead J^ inch. There 
is "negative" lap, or inside lead, ^ inch. The valve-spindles arc of steel. 

The glands and linings of the stuffing-boxes are of phosphor-bronze. 

The exhaust steam is discharged through a 2j^-inch wrought-iron pipe 
along the top of the boiler into the chimney, where it is discharged throiwh 
a 1 5^ -inch orifice. 
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The pistons, figs. 795, are of cast iron, 3 inches thick, of 5^-inch metal, 
with two packing-rings, J^ inch thick, each cut at one place, and tightened 
by a circular spring and glut, in the manner already explained for the 
typical engine, page 403. The piston-rods, figs. 795, are of Siemens-Martin 

steel; they are i ^ inches 
in diameter, let with a 
taper of J^ inch in 2 
inches through the pis- 
tons, and fastened by a 
nut They are reduced 
cylindrically at the other 
ends to a diameter of 
i}i inches, and are 
cottered into the cross- 
heads, figs. 795 and 796. 
These are forked to carry 
the gudgeons, which 
offera journal i }4 inches 
in diameter, and 2}^ 
inches long. The gud- 
geons are secured to the 
crossheads by means of 
taper pins. They are 
reduced at the ends 
to ij^ inches in diameter to take the two guide-blocks, which are of 
cast iron, 6j4 inches in length. The blocks are divided unequally by the 
gudgeons, the centres being nearer to the outer ends of the blocks, thus 
placed for convenience of adjustment of the gland when the crosshead is at 
the cylinder end of its stroke. The guide-bars, figs. 797, are of cast iron, 

i^ inches wide, ^ inch thick, 
with a stiffening flange. They are 
in two pairs, one pair to each cylin- 
der, fixed 2^ inches apart, at one 
end to the cylinder-covers, and at 
the other to two cast-iron brackets, 
figs. 797, bolted to the boiler, 
notched to receive the bars. The 
bolts are ^ inch in diameter. 
The connecting-rods, figs. 798, are of steel, 4 feet long, or 9.6 times the 
length of the crank. The bearings are ij4 inches in diameter, 2j^ inches 
long at the crosshead end; and 3^ inches in diameter, 3 inches long at the 
crank end. The body of each rod is round, tapering from i^ inches in 
diameter at the smaller end to 2^ inches at the larger. The smaller end is 
forged solid, slotted out for the brasses, which are fixed with a cotter secured 
by double-nuts. The larger end is on the cap-and-bolts system, with two 
flat-faced brasses, and ^-inch bolts fixed with double-nuts. 



Figs. 795.— Garrett's Portable Engine: Pistons and Piston-rods. Scale i/ioth. 
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Figs. 796. — Garrett's Portable Engine : Crossheads 
and Slides. Scale i/ioth. 
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The main or crank shaft, figs. 799, is of steel, bent to form two cranks 
out of one piece. It is 3^ inches in diameter at the straight portions and 
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^%>* 797* —Garrett's Poruble Engine : Guide-bars. Scale i/ioth. 




at the crank-pins, and is 5 J^ feet long over all. The cranks are formed to 
a radius of 5 inches, with rounded limbs 3^ inches in diameter. The 





Figs. 798. — Garrett's Portable Engine: Connecting-rods. Scale i/ioth. 

crank-pin bearings are 2^ inches long for the first cylinder, and 3 inches 
for the second cylinder. The main bearings are of phosphor-bronze. They 
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Figs. 799.— Garrett's Portable Engine: Main Shaft and Bearings. 

Scale i/i6th. 



are 5 inches long, for one of which only, next to the first cylinder, collars 
are formed on the shaft The fly-wheel is of cast iron, 4 feet in dian^'^ter, 
8 inches wide at the rim. The nave, fig. 800, is 4 inches wide an' 
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in diameter. The wheel is keyed on the end of the shaft next to the collar- 
bearing, and the key is secured by a safety-pin through the shaft. A 3-feet 
. . . .. pulley, 8 inches wide, is fixed on the other 

H end of the shaft. The plummer- blocks, 

,— — :^H n i^kr^— TJ *^Ss- 799. of cast iron, are bolted to a cast- 
^J^^^^^B ^^R^_— 1^ *'°" saddle, of J^-inch metal, on the barrel 
^H M ^ of the boiler, figs. 801, each with five ^-inch 

UU bolts and nuts. They are inclined back- 

FLg.eoo.-G»rrtu^Pore^^Eng™: Centre wards at 45°. The Cap IS held by two 
%-inch cotter-bolts with double-nuts. The 
saddle is fixed with twenty-four J^-inch bolts and nuts. 

The eccentrics are loose on the main shaft, and are bolted to discs which 
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Figl, Bai.— Gimll'i Portable EnEine: Saddle (a Main Beirinfi. Sode T/i6th. 

are forged solid on the shaft, as shown in figs. 802. The discs have two 
holes, one to fix the position of the eccentric for forward movement, and the 
other for convenience of reversal. If it is 
desired to provide for varying the expan- 
sion, this can be done by making suitable 
holes intermediately in the discs. But this 
mode of varying expansion necessitates the 
employment of a special eccentric having 
an oval hole in the boss, in order by giv- 
ing a constant lead to avoid distortion of 
the indicator diagram. For the sake of "evenness of turning," Messrs. 
Garrett prefer to cut off at half-stroke in each cylinder. The variation of 
the initial pressure of the steam, from 120 lbs, 
to 80 lbs, per square inch, by means of the 
throttle-valve affords, in their opinion, the 
most satisfactory government of their com- 
pound portable engine. 

The feed-pump, fig. S03, is of phosphor- 
bronze. It is of the usual three-valve type^ as 
already described, page 406. It is fastmed %^,^^__^ 
one aide of the boiler, and is worked f 
centric on the main shaft It is ^ 
having a ram i's/i6 inches in diameter, with a stroke of 2^ 
are one suction-valve, and two successive delivery-valves, i 
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with a lift of % inch. The water is delivered to the boiler through a Ji-inch 
pipe The pump is regulated by means of the regulating vaJve to serve the 
boiler continuously in connection with the water-heater. When the water is 
not delivered to the boiler, it is forced through a nozzle, shown in section 
in fig. S04 ; creating a par- 
tial vacuum, and so induc- 
ing the steam from the 
exhaust-pipe through the 
annular space surrounding 
the nozzle, when the water 
is returned in combination 
with it to the feed-water 
tank. 

The engine is carried on 
four wheels, 4% feet and 
3J4 feet in diameter, 9 feet 
2 inches apart between the 
centres. They are 8 inches 
wide at the tyre. The 
spokes, ^ inch in diame- 
ter, are made separately, 
with a cast-iron nave and a cast-iron rim, i inch thick at the middle and 
^ inch at the edges. 

The weight of the boiler is 33^ cwts.; that of the engine, without the 
driving pulley, 41 X cwts.; that of the carriage work 26^ cwts.; together 
5 tons I }i cwts. The fly-wheel weighs 6 cwts. When filled with water to 
the ordinary working level, the total weight is 5 tons 16^-4 cwts. 

The working pressure is from 100 lbs. to I30 lbs. per square inch; and 
the hydraulic test-pressure for the boiler is 250 lbs. per square inch. The 
cylinders of compound portable engines sent to France, Germany, and 
Austria, are tested by hydraulic power to a pressure of 200 lbs. per square 
inch by the government officials there The minimum factor of safety in 
the proportioning of the engine and boiler is 6. The regular speed is 
180 turns, or 300 feet of piston per minute, developing 30 indicator horse- 
power. 

This engine was tested by the constructors on the lOth and 1 3th March, 
The leading results of the tests are given in next page. On the 
second day the fire-grate was reduced by brickwork: — 11)^ inches wide 
against the tube-plate, and 1% inches wide at each side, s% inches high, 
leaving an open space of fire-grate 3.8 square feet in area, or 741 P^^ of the 
heating surface. 

The mean dynametrical or break horse-power is 87.4 per cent of the 
>tor power, showing 12.6 per cent frictional resistance. 

ay be explained with respect to the power developed — at the first 

"istance — that the average effective pressure was 31.56 lbs. per 

ya the first piston, and 2a6i lbs. on the second piston. The 
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**A" Compound Portable Engine {Messrs, R, Garrett 6r* Sons). 



Datb op Trial 



Duration of trial 

Area of fire-grate 

Pressure of steam in boiler per square inch .... 
Coal consumed (Llangennech) 

Do. per hour 

Do. do. per sq. foot of fire-grate 
Temperature of feed-water, cold 

Do. do. in tub, heated by 
exhaust steam 

Water evaporated 



Do. 
Do. 
Do. 
Do. 



per hour 

do. per sq. ft. of fire-grate 

per pound of coal 

do. do. from and 



March xo, 1883. 



3 h. 19 m. 
6.3 sq. feet 

100 lbs. 
294^ lbs. 
88.70 
14.09 

54° F. 



n 



at 2i2°F 

Revolutions per minute .... 

Indicator horse-power 

Dynaraetrical horse-power 
Do. do. 

cator power 

Coal per indicator horse-power per hour 
Do. per dynametrical do. do. 
Water per indicator do. do. 
Do. per dynametrical do. do. 



per cent of indi- 



"5- 

r 34.3 cu. ft. 

I 2139.0 Ibs.^ 

10.33 cu, ft 

1.64 „ 

7.26 lbs. 

8.20 lbs. 
192.4 turns. 
29.14 H.P. 

25-65 II 

88 per cent 
3.04 lbs. 
3-46 „ 

22.13 ff 
25-14 „ 



March 13, 1883. 



3h. 32 J^ m. 

3.8 sq. feet 

100 lbs. 

296 lbs. 

83.62 „ 



22.01 



» 



57^5 



126' 

35.8 cu. ft. 

2236 Ibs.^ 

10.78 cu. ft. 

2.83 „ 

7.55 lbs. 

8.53 lbs. 
176.0 tiuns. 
30.08 H.P. 
26.13 „ 

86.8 per cent 
2.79 lbs. 

3-19 
21.49 

24.16 



99 



w 






products of these by the respective areas of pistons are the total average 
pressures on the pistons, namely 1214.586 lbs. and 1784.62 lbs.: together 
2999.206 lbs. The stroke is 10 inches, or ^0/12 foot; and the indicator 
horse-power is 

2999.206 X 10 in. X (192.4 turns x 2) _ t w p 

— 2Q. 14 A.Ai.lr. 
12x33000 

as stated in the table. Of this power, 1 1.80 horse-power is developed in the 
first cylinder, and 17.34 in the second cylinder. 

The well-established result of reducing the area of the fire-grate in 
increasing evaporative efficiency is exemplified in this case : — 

Area of fire-grate 6.3 sq. ft 3.8 sq. ft. 

Coal per hour per square foot of grate 1 4. 09 lbs. 22.01 lbs. 

Water per pound of coal, from and at 212° F.,,... 8.20 „ 8.53 „ 

The water, as steam, used is 2 1 J^ pounds per indicator horse-power per 
hour. Ten sets of indicator diagrams were taken at regular intervals during 
each trial. According to the average of these for the first day, of which 
samples are shown in figs. 805, the average pressures at cut-off in the first 

^ Including 135.5 pounds and 136 pounds respectively of condensed steam through the water- 
heater. 
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cjdinder were 83, i lbs., and 79. 1 7 lbs. per square inch above the atmosphere, 
for the right-hand side of the diagrams, anJ the left-hand or piston-rod side, 
respectively, the mean pressure having been Sr.4 lbs. per square inch above 
the atmosphere, or say (81.4+15 = ) 964 !bs. absolute pressure. The 
volume cut off, ignoring the volume of the piston-rod, including clearance, 
W3S .1421 cubic foot for each stroke; or (.1421 X2X 1924x60=) 3280 cubic 
feet per hour. Multiplied 
by.2228pound,the weight 
per cubic foot, the weight 
of steam cut off per hour 
was (3280 X .222S = ) 
730.8 pounds. Steam was 
shut in by compression 
at a pressure of 42 lbs. 
per square inch above the 
atmosphere,or(42 +15 = ) 
57 lbs. absolute pressure. 
The period of compres- 
sion was I inch of the 
stroke, and the volume 
^lut in per stroke was 
,053 cubic foot. The vol- 
ume per hour was 122,37 
cubic feet; and theweight 
was (122.37 X.I 364 lb. = ) 
l66.g pounds. The aver- 
age final pressure by ex- 
pansion to ^ths of the 
stroke was 49 lbs. per square inch above the atmosphere, or {49-1-15 = ) 
64 lbs. absolute pressure; and the weight of expanded steam per hour was 
789.6 pounds. 

In the second cylinder the pressures at cut-off averaged 252 lbs. per 
square inch above the atmosphere, or 40.2 lbs. absolute pressure, giving, at 
the rate of .0978 pound per cubic foot, 665.4 pounds of steam cut off per 
hour. The average pressure by expansion at the end of the stroke was 7 lbs, 
per square inch above the atmosphere, or 22 lbs. absolute pressure, giving 
at the rate of .0555 pound per cubic foot, 755.1 pounds of expanded steam 
per hour. The exhaust steam was shut in for the last inch of the return 
stroke, at 5 lbs. pressure per square inch, or 20 lbs absolute pressure, 
weighing .0507 pound per cubic foot, and making 110.3 pounds of steam 
intercepted per hour. 

Comparing the actual ratios of expansion and the ratios of absolute 
pressure: — „ . 

'^ 111 Cylinda. id CrliDdcr. 

Actual ratio of expansion i to 1,78, 1 to 1.85. 

.. , . , [ 64 lbs. to 06.4 lbs. 21 lbs. to 40.2 lbs. 

Absolute pressures mversely < , , ^ 

' ' I I to 1.51. I to 1.83. 




Second Cylinda: CHt-sffu 
Figv Sos- — GoTTCll's Campound PortAblfl Eniine: 
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The weights of steam consumed per hour, according to the evidence of the 
indicator diagrams, above detailed, are as follows: — 

Steam per Hour, as per Indicator, 



Cut-off. 


Expanded. 


Difference. 


I St Cylinder 730'8 lbs. 

2d Cylinder 665.4 lbs. 


789.6 lbs. 
Compressed... 166.9 „ 

Net used 622.7 „ 


58.8 lbs., or 7.4 pr. cent 
of expanded steam. 

89,7 lbs.,or 1 1.9 pr.cent 
of expanded steano. 


755.1 lbs. 
Compressed... 110.3 „ 

Net used 644.8 „ 


Feed-watersuppliedtothe boiler 
(2139 lbs. -h 3.32 hours = ) ... 


\ 644.3 lbs. 





Herein is presented the usual phenomenon of a greater weight of sensible 
steam at the end of the stroke than at the point of cut-off, resulting from 
initial condensation of steam during admission, and re-evaporation during 
expansion. The excess weight is 7.4 per cent in the first cylinder, and 
1 1.9 per cent in the second, the steam being cut off in each at half-stroke. 
That the percentage of condensation in the second cylinder should be 
greater than that in the first is readily explained by the greater range 
of temperature in the second cylinder, or the difference of temperatures of 
the initial steam and the exhaust steam. They range between 325° and 
289' in the first cylinder, and between 287° and 220° in the second cylinder; 
or through i^" and 6j'' respectively. 

To compare, finally, the net weights of expanded steam consumed, 

according to the indicator, with the weight of feed-water supplied, they 

are: — 

First cylinder, steam 622.7 Ihs. per hour. 

Second da, do 644.8 „ „ 

Feed-water supplied 644.3 „ „ 

The identity of the weight of steam indicated in the second cylinder 
with the weight of feed-water supplied is noteworthy; and it is g^reater than 
that of the expanded steam indicated in the first cylinder, which is only 
07 per cent of the feed-water. The deficiency is not verj" considerable; 
but, such as it is, it is occasioned by the u-ant of space through which by 
expansion and re-ex-aporation, the steam could be entirely recovered. The 
measurement of the expanded steam was taken at a point one-eighth of the 
stroke from the end. If it could ha\-e been correctlv reckoned as at the 
end of the stroke, no doubt the whole of the steam would hax-e been brought 
into e\-idence. As it is, a portion of the condensation-water was flashed 
into steam when the port was opened for the exhaust. 

Ofcourse, a part of the steam in the \\x>rk of expansion is finally reduced 
to water, and the equalit>* of the net indicated steam consumed in the 
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second cylinder to the feed-water supplied, points to the slight discrepancy 
caused by the want of allowance for the space occupied by the piston-rod, 
or to some slight error of observation. But the comparatively excellent 
performance of the engine in point of efficiency of steam, corroborates the 
deduction that the absence of a steam-Jacket for cylinders in which the 
steam is admitted for half the stroke, is not sensibly disadvantageous. 

The deduction is also supported by the table No. loi, page 474. vol. i., 
showing that only 4.3 per cent of the steam Is condensed on admission, 
when cut off at half-stroke. 



Chapter LIL— STR.'^W-BURNING PORTABLE STEAM 
BOILER. 

CONSTRUCTED EY MESSRS. R. GARRETT ft SONS. 

Messrs. Garrett have been occupied with the subject of utilizing straw 
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and other vegetable refuse, as fuel for 
the generation of steam, since 1871, 
when they adopted the system, pa- 
tented in that year, of Mr. Paul Kotzo, 
of Pesth. The fire-box, though de- 
signedly small, was made of unusually 
great depth, so that the grate could 
be shifted from the level necessary for 
the combustion of coal, to a lower 
level for burning straw, thus aug- 
menting the cubical content and the 
heating surface of the fire-box. In 
addition, a preliminary stoking and 



heating chamber or hopper was fastened to the back of the fire-box. in 
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which the straw could be thoroughly dried and heated, preparatory to its 
being pushed into the fire-box. As it was pushed in, it ignited instantly, 
almost explosively. The area of fire-grate was only 4.2 square feet for an 
engine of 8 horse-power; and the heating surface amounted to 158 square 
feet. By the results of trials of this engine in 1875, 1.6 pounds of water 
was evaporated per pound of English straw. 

The straw-burning boiler now constructed by Messrs. Garrett, is shown 
in figs. 806. The feeding hopper or mouth -piece is retained, and a 
fire-bridge, or partition of fire-tiles, is run up in front of the tube-plate, 
reaching nearly to the roof of the fire-box, over which the burnt gases are 
passed on their way to the flue-tubes. On turning the partition, the gases 
are met by one or more currents of air for combustion introduced from the 
front of the boiler through the four uppermost flue-tubes, in which it is 
heated on its way. But they can be converted into flue-tubes, when desired. 
The fire-box is 2 feet 4j4 inches square, reduced 8 inches in length to 
20^ inches by the partition, which is 2^ inches thick, and stands 
5^ inches clear of the tube-plate. The fire-grate has 3.9 square feet of 
area. There are 27 flue-tubes 2}4 inches in diameter outside, 6}4 feet long. 
The heating surface of the fire-box is 34 square feet, and that of the tubes 
is 1 16 square feet; together, 150 square feet, or 37 J^ times the grate-area. 

When the boiler is at work the hopper is kept full of straw, in order to 
prevent an undue indraught of air. The fire-bridge is designed to promote 
the mixture and combustion of the gases, and it intercepts and collects the 
siliceous deposit or straw-ash, which otherwise operates and accumulates 
very disadvantageously upon the surfaces of the tube-plate and the tubes. 

The results of twelve trials of simple and of compound portable engines, 
using coal and straw as fuels, made by Messrs. Garrett, are abstracted 
and rearranged in tables Nos. 168 and 169. The first table. No. 168, 
gives leading data and descriptions of the engines submitted to trial, which 
were of 10, 8, and 6 nominal horse-power. The second table. No. 169, 
gives the leading results of the trials. The straw-burning engines, both 
simple and compound, were tried with and without the fire-bridge and air- 
tubes, with coal and with straw as fuel, alternately, and with two different 
sizes of fire-grate. Ordinary coal-burning engines, in addition, were tried 
for comparison. Of these, the Derby engine, it may be explained, was 
exhibited at Derby, in 1881.^ The bottom of the fire-box is double-plated, 
forming a water-space, which serves as tlie bottom of the ash-pit. The 
water-space is connected to the crown-plate by a 5-inch vertical water-tube, 
in front of the tube-plate, through which circulation takes place. On each 
side of the water- tube a fire-brick diaphragm is constructed, forming a 
bridge over the top of which the burning gases are delivered, where they 
meet a supply of heated air which arrives from the front through six flue- 
tubes. The coals used were Llangcnncch anthracite, and Hucknall seconds 
Northamptonshire steam coal. 

^ This portable engine is describeil jxiuI llluslrali^* ' "" nrngr, July 15, 1881; paiges 39, 41. 
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The steam was cut off in each cylinder of the compound engines and 
in the simple cylinders, at half-stroke. The style of the diagrams of the 
compound engines is exemplified by figs. 805, page 431; and that of the 
diagram from the simple 
engines is typified by 
the annexed figure 807, 
which was taken from a 
6-horse-power engine, at 
a speed of 180 turns, or 
300 feet of piston per 
minute, indicating 20.27 
horse-power. 

Summarizing the 
waters evaporated from 




Fig. 807. — Garrett's Simple Portable Engine of 6 Horse-power: Indicator 
Diagram. Vertical Scale of Pressure, 56 lbs. per inch high. 



and at 212^ F. per pound of fuel, in Nos. i to 8 trials, they are as follows: — 

Comparative Evaporative Efficiency of Coal and Straw, 



'■ } 8-38 



Water per lb. of Coal. 

No. I, L. coal... 8.17 lbs. 
No. 2, do. ... 8.59 
No. 5, H. coaL. 6.55 „ ) , 
No. 6, do. .. 6.63 „ / ^'59 

Averages.... 



6.63 
7.48 



I) 



Water per lb. of Straw. 

No. 3 2.37 lbs. 

No. 4 2.75 „ 

No. 7 2.09 „ 

No. 8 2.54 „ 

Averages 2.44 „ 



Showing that an average of about 2}4 pounds of water was evaporated per 
pound of straw — one-third of the water, about yyi pounds, evaporated per 
pound of coal. Correspondingly, upwards of three times as much straw 
was consumed per hour as of coal. But the combustion of straw is very 
rapid, and no augmentation of fire-grate appears to be needful for its 
combustion, although it is much more bulky than coal. 

The influence of the area of fire-g^ate, altered in the same boiler, on 
the evaporative efficiency, is shown by a rearrangement of the results of 
Nos. I to 8 trials, thus: — 

Comparative Evaporative Efficiency for Different Areas of Fire-grate, 



Area of grate^ 8 square feet. 

No. I, coal.... 8. 1 7 lbs. water per lb. 
No. 3, straw... 2.37 „ „ „ 

Area of gratCy 5.5 square feet. 

No. 5, coal.... 6. 5 5 lbs. water per lb. 
No. 7, straw... 2. 09 „ „ „ 

Average 4. 80 lbs. 



Area of grate, 6.3 square feet. 

No. 2, coal ....8.59 lbs. water per lb. 
No. 4, straw... 2. 75 „ „ „ 

Area ofgrate^ 3.9 square feet. 

No. 6, coal.... 6. 63 lbs. water per lb. 
No. 8, straw... 2. 5 4 „ „ „ 

Average 5.13 lbs. 



Augmentation by reducing grate-area, .33 lb., or 7 per cent. 
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The apparent advantage of the use of the straw-burning apparatus in 
Nos. 4 and 8 trials, as here shown, averages 7 per cent as against the use 
of the plain fire-box in Nos. 3 and 7. 

The tabulated results show a marked contrast between the economic 
performance of the compound and simple portable engines, in the last 
column — of the water consumed per dynametrtcal horse-power per hour. 
Thus:— 

Average Comumption of Water as Steam per Dynametrtcal Hone-power. 

Compound engines, Nos. i to 4 trials 25 lbs. per H.P. 

Simple do. Nos. 5 'o 8 „ 33.3 „ „ 

showing a difference of 8.2 pounds of water per horse-power in favour of the 
compound engine, or about one-fourth of the water consumed by the simple 
engine. The first cylinder of the compound engine is of the same diameter, 
7^ inches, as the simple cylinder, and the economic effect is clearly trace- 
able to the addition of the second cylinder, by means of which the expan- 
sion of the steam was about doubled. In the simple cylinder the nominal 
expansion was to double the initial volume ; and, in the compound cylinders, 
to four volumes. It is probable that the economic results would not have 
been materially affected, if 
steam-jackets had been ap- 
plied to the cylinders, suppos- 
ing the same degrees of ex- 
pansioa 

The consumption of coal 
and of straw per horse-power 
per hour average for the com- 
pound engine respectively 
3.39 pounds and 11.4 pounds; 
and for the simple engine 5.57 
pounds and 1 5.8 pounds. 

It is shown too that the 
dynametrical horse-power de- 
\mg chopped yelopcd in thc compound 
cylinders is about one-half 
more than in the simple cyliniler, the horse-power averaging respectively 
24.36 HP. and 16.40 H.P. 

A modification of the straw-burning fire-box, fig. 808, is employed by 
Messrs. Garrett & Sons, especially de8ij::ned for burning " chopped straw," in 
countries where the straw is reduced, by means of a special apparatus in 
connection with the thrashing-machine, to the state of dry pulp for fodder. 
A perforated fireback below the folding doors of the bridge admits air over 
the back of thc fire; and A llap-dwir is fitted inside the feed-hopper in order 
to prevent an excessive admission of air by the hopper, whidi is likely to 
happen, as the hopper cannot N* •maintained full of chopped straw 

as of long straw. 
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The perforated fireback gives good results also with long straw as fuel; 
but it is not nccessarj', as there is a free passage for air through the fuel. 



Chapter LIII. 
portable steam engines at the show of the 

ROYAL AGRICULTURAL SOCIETY AT NEWCASTLE-ON-TYNE. 1887. 

The portable steam engines exhibited at Newcastle were partly simple 
or single-cylinder engines, and partly compound engines, as follows:— 



1. Alnwick Foundry Company. 

2. E. Foden & Sons 

3. Jeffery & Blackstone 

4. J. & H. Maclaren 

5. Uavey, Paxman, St Co. 

6. E. Humphreys 

CoHrouHD Encihu. 

7. T. Cooper 

8. E. Foden & Sons 

9. Davey, Paxman, & Co 

10. J. & H. Maclaren,, , 

11, E, Humphreys 



7^ 



6yi 



m 



Steam Jacliclcd. 



thoroughly, 
none. 

thoroughly, 
thoroughly, 
cylinder only. 



thoroughly, 
thoroughly, 
thoroughly, 

cylinder 
only. 



The boiler of Jeffery & Blackstone's engine, No. 3, was vertical; the 
odier boilers were of the usual locomotive type. Mr. E. Humphrey's 
compound engine was on the Woolf system. The engines were of S nomi- 
nal horse-power, except No. 3, which was of 3 nominal horse-power. 

No. I engine, single cylinder, is fitted with a single slide-valve of the 
Trick t>'pe, cutting off at 40 per cent. The fire-box casing was not lagged, 
and there was no feed-heater. The cylinder is fastened to the boiler by 
means of a pair of angle-irons riveted to the boiler, bolted to the cylinder. 

In No. 2 engine, single cylinder, the slide-valve is worked by a link- 
motion, and carries a variable expansion -valve in its back, on Farcot's 
^^tem, by frictional contact, until it is arrested, when the main valve 
traveUing past it cuts off the steam. The travel is varied by means of a 
wedge which rises or falls under the influence of the governor, in a slot 
formed in the expansion valve-spindle. The feed-water is heated by 
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exhaust steam, and is further heated in the smoke-box by passing through 
a coil there. The boiler is controlled by a swivel damper in the chimney, 
instead of the usual ashpan damper. 

In No. 3, vertical engine, single cylinder, the boiler was not lagged. 
The engine has an ordinary slide-valve ; and the speed is regulated by a 
governor controlling a throttle-valve. 

No. 4 engine, single cylinder, is fitted with a slide-valve having an 
expansion -valve on the back, controlled by a Hartnell governor on the 
main shaft The main plummer-blocks are fastened each to a pair of plate 
brackets, connected by tie-rods to the cylinder. The feed-water is heated 
in a system of six copper tubes, arranged spirally in a chamber filled with 
exhaust steam. The shell of the boiler, and the fire-box, are of steel. 

No. 5, single cylinder, is fitted with a slide-valve with an expansion- 
valve on the back, moved by means of a slotted link controlled by the 
governor. The link is moved by two eccentrics connected to the ends of it 
The fire-box is fitted with eight Paxman water-tubes, springing from the 
sides of the fire-box a short distance above the grate, and curving upwards 
to the crown, where the upward currents are dispersed by deflectors. 

No. 6 engine, single cylinder, has a plain slide-valve worked from an 
eccentric of variable travel, with a Hartnell-Turner governor on the main 
shaft. The feed-water is heated by the exhaust steam. 

In No. 7, the first of the compound engines, each cylinder is fitted with 
a plain slide-valve worked by an eccentric. The intermediate receiver- 
space is 2.7 times the capacity of the first cylinder. The eccentrics are 
shifted for back gear by means of a frictional gripping gear. The engine 
is fitted with a Pickering governor, placed horizontally, acting on a throttle- 
valve. 

No. 8, compound, is provided with a valve by means of which it may 
be worked either as a compound engine, or as two simple engines. The 
cylinders are each fitted with a slide-valve and link-motion, set indepen- 
dently; and the first cylinder is fitted, in addition, with a cut-off expansion- 
valve on the back of the main valve, as already noticed for the simple 
engine. No. 2. The feed-heater, also, is the same as for No. 2. 

No. 9, compound, is constructed with side framing of channel iron, on 
the top of the boiler. The fire-box is without water-tubes as fitted in the 
simple engine, No. 5. The cylinders have slide-valves, and, for the first 
cylinder, a cut-off valve on the back of the main valve, controlled by the 
governor. The intermediate receiver-space is 1.4 times the capacity of the 
first cylinder. The boiler is of mild steel throughout. 

No. 10, compound, is the same in design as the simple engine, Na 4$ 
except that it has two cylinders. Accidentally, during the trial of No, IC^ 
steam had to be shut off from the back-cover jacket of the first jgj 
the sight-feed lubricator on the first cylinder was inoperative 
the eccentric strap overheated, and two crown stays of the 
The intermediate receiver -space is 1.08 times the c 
cylinder. 
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THE CONSTRUCTION OF STEAM ENGINES. 



No. 1 1, compound, is a Woolf engine, of which the cranks are placed 
1 80* apart The cylinders are fitted with three plate slfde-valves, one of 
which admits steam to the first cylinder; one exhausts from the first to the 
second cylinder, and the third exhausts from the second cylinder. The 
valves are driven by eccentrics, one for each ; and the governor acts on a 
throttle-valve. 

Trials of the portable engines were conducted by the consulting engineers 
of the Society, Sir Frederick Bramwell and Mr. William Anderson ; the 
results of which were published in their Official Report 

Table No. 171. — Portable Steam Engines, Newcastle-on-Tyne. 

RESULTS OP PERFORMANCE OF BOILERS (LOCOMOTIVE TYPE), IN THE ORDER OF THE 

SURFACE-RATIOS. 



Order Number of Engine., 



1. Number of tubes tubes 

2. Diameter of tubes out- 

side inches 

3. Length of tubes „ 

4. Heating surface sq. ft. 

5. Area of grate for trial... „ „ 

6. Surface-ratio, for trial... ratio 



24 

2H 

75 

148.7 

5.98 

24.87 



22 

82>^ 

124.9 

3-67 
34.03 



30 

2H 

167.7 

4.18 

3576 



Means of 
6 and 9. 



53 

84V 
2324 

4.50 

51-63 



Means of 
4 and 10. 



51 

2 

218.I 

3-39 
64-34 



Means of 

Sanda 



76 

69 
201.9 

2.63 
76.75 



7. Fuel consumed per square 

foot of fire-grate lbs. 

8. Steam pressure 

in the boiler... Ibs.persq.inch 

9. Water evaporated per 

hour lbs. 

10. Water evaporated per 

pound of fuel from and 
at 212° F „ 

11. Do. do. do. by formula 

(34), page 327 „ 

12. Air utihzed per pound f „ 

of coal tcu.ft 

13. Excessof air per pound r lbs. 

of coal tcu.ft. 

14. Temperature of the air... Fahrt 

1 5. Do. in the smoke- 
box „ 



16.54 


17.28 


2a9i 


80 


125 


85 


901 


683 


889.5 


9.10 


10.75 


10.14 


8.90 

10.17 

142.4 
13.0 
172.9 

68^ 


9.14 
II. II 

155.5 
7.92 


9.09 
11.245 

157.3 
6.19 

82.3 
64^ 


700° 


68o'» 


480° 



9.05 

95 and 150 
488 

12.10 

ia92 

II. 15 
156.12 

12.79 
1 70. 1 
66» 

397° 



13.50 
125 and 155 

595 



12.43 

11.06 
11.36 
158.5 

15.45 
205.5 

72* 
451^ 



12.48 

1 20 and 250 

405 



12.61 

1240 
ia97 

153.65 

2.85 

37.9 
72- 

41 2** 



Some leading dimensions and quantities of the boilers, and results of 
their performance, are given in table No. 170. In some instances the fire- 
grates were reduced in area by bricking up, for the specific purpose of 
augmenting the efficiency and economy of fuel in the competitive trials, 
by the augmentation of the surface-ratio, — the ratio of the area of heating 
surface to the area of the fire-grate ; — as already no* tried 

at Cardiff, page 324, vol. i. Contrast, for exair ble 

engines, table No. 170, which have respect? 5t 
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of heating surface; and 6.68 and 3.35 square feet of grate-area, yielding 
surface-ratios of 22.2 to i, and 63.1 to i. Yet the already exceptionally 
small grate, in the second engine, was reduced to 3.63 square feet in area, 
yielding tlie high surface-ratio 80.42 to 1. It was to be expected, therefore, 
that No. 2 boiler would show a much higher evaporative efficiency than 
No. I: — 12.96 pounds against 9.1 pounds per pound of coal. On the 
contrary, the boiler of gri;ater evaporative efficiency evaporated consider- 
ably less than half the quantity of water per hour evaporated by the 
other. 

To show the influence of surface-ratio on the performances of the 
boilers, dimensions and results for each boiler are arranged in table 
No. 171, in the order of the surface -ratios, line 6, the mean results for three 
pairs of boilers being taken, The quantity of water evaporated per pound 
of fuel, calculated by formula (34), page 327, vol. i., is entered in line 11. 
It is apparent that the actual evaporative efficiency, line 10, increases 
generally with the surface- ratios, line 6; but that the evaporative perfor- 
mance, line g, decreases generally, although the last three heating surfaces 
are larger than the first three: showing that the greater heating surface was 
utilized, not for maximum performance, but for maximum efficiency. One 
feature is conspicuous, that the smaller grate-areas command the greater 
evaporative efficiencies. 

With respect to the calculated efficiencies, line 11, they are, in some 
instances, considerably less than the observed efficiencies, line 10; at the 
same time, there is singular nearness to identity of the observed and calcu- 



lated results in the first and last < 
surface-ratios, thus; — 

Surface-ratio. 

No. I 24.87 

Nos. 2 and 8 76.75 



;, at the two extremes of the scale of 



8.90 lbs. 
12.40 „ 



The intermediate divergencies are probably attributable to variations of 
the conditions of the engines and of the trials. For instance, Nos, 4 and lO 
boilers arc identical in every respect, and practically so in the rates of com- 
bustion; yet the evaporative efficiencies differ by .32 pound of water per 
pound of coal. Again, Nos. 5 and 9 are nearly identical in conditions, yet 
they differ in efficiency by 1.7S pounds of water. Nos. 2 and 8, similarly, 
differ in efficiency by .70 pound of water. 

The temperatures in the smoke-box vary from 397'' F. in Nos. 5 and 9 
to 700" F. in No. I. The excess of air varies from 37.9 cubic feet in Nos. 
2 and 8 (Foden) to 172.9 cubic feet in No. i (Alnwick Foundry Company); 
or from 25 per cent to 123 per cent of the air that is chemically utilized. 
The unusually low percentage in the case of Messrs. Foden is due no doubt 
to the special care taken to close the damper when stoking. The damper, 
as before stated, is placed at the base of the chimney. 

The coal used was Powell's Duffryn coal, of the following average com- 
jsition, as reported by Messrs. Pattinson and Stead: — 
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Per Cent Available. 

Carbon 88.40 

Hydrogen 3.65 -0.32 = 3.331!. 

Oxygen 2.55 = 0.32 H = 2.87 HgO (water). 

Nitrogen 0.64 

Sulphur 0.76 = 1.36 per cent pyrites. 

Ash 3.17 

Water 0.83 

100.00 



Sulphur in ash 0.04 

Calorific Value in British Thermal Units. 

Carbon 884X 14,544 units= 12,856 units. 

Hydrogen 0333x61,200 „ = 2,037 „ 

Pyrites estimated at 47 „ 

Total per i lb. of coal i4»940 „ 

Weight of air required to bum i lb. of coal 11.38 lbs. 

A sample of the wood used in lighting the fires was dried at a tempera- 
ture of 380° F., and lost 22 per cent of moisture. The dry wood was com- 
posed as follows: — 

Per Cent. 

Carbon 49-95 

Oxygen 41-27 

Hydrogen 6.00 

Nitrogen 1.13 

Ash 1.65 

100.00 

With regard to the estimation of the quantity of feed-water supplied 
to each boiler, the water was derived from three sources: ist, the water 
measured into the feed-tub ; 2d, the water of condensation of the exhaust 
steam used in heating the feed-water; 3d, the water of condensation in the 
steam-jackets, which in most cases was drained back direct into the boiler. 
The first and second items were readily measurable and calculable; but 
the third item was simply approximated to on the assumption that, as in 
large engines with well-arranged steam-jackets, the condensation of steam 
in the jacket, when the expansion ratio is considerable, represents very 
nearly the quantity of heat conx^erted into work. It has to be considered, 
of course, that the drainage from the jackets is at the temperature of the 
steam, and so corresponds to a smaller quantity evaporated from the stan- 
dard feed teni^xiraturc. 

The consulting engineers prepared balance-sheets for each engine, in 
which the heat prvxiuccil was entered on the debtor side, and the expendi- 
ture and losses on the crcilitor side. The bp '^ Messrs. Davey, 
Paxnian, & Co., is here subjoined in ta 
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Table No. 17a.— Portable Steam Engines, Newcastle-on-Tvnk : — Balance. 
SHEET OF Messrs, Davev, Paxman, & Co.'s Simple Portable Steam 
Engine (No. 5). 





Upii>. 




Unill 


«nlii(E 


To (he heat developed 




By heat expended i — 






in furnace :— 




1. In evaporating the water in"! 






In the combustion of 




the wood and heating its 






wood: 




steam to 385* F., the tem- 


9.SS7 


■32 




'tz 


perature of the escaping 
products } 






From hydrogeti 






In the combustion of 




2. In heating the wood and the 1 






coal: 




air required for its combus- / 


3,884 


■13 












From hydrogen 


337.47 S 


3. In evaporating the water in l 






From sulphur 


9.071 


the coal and heating its > 


8,374 


.29 






air required for its combus- > 


129,321 


4.44 






tion from 70° to 385° ) 










5. In displacing the atmosphere 
by the products of combus- 


















tion of the wood and the 




1.83 
















for their combustion 










6. In heating the excess of air... 


130,980 


) 






Indisplacmg the atmosphere [ 


53.509 

2,090,300 
271,307 


7i.7« 
9-33 


7. In evaporating the water in \ 


8. In radiation and convection.. 










■■85 






fuel [ 










107,552 


3- 70 




2,912,093 


3,912,093 


■00.00 



The leading results of performance of the engines proper are given in 
table No. 173. The lowest consumption of steam is that of Davey, Pax- 
man, & Co.'s engine, 2 1 .30 pounds per indicator horse-power. The economy- 
effected by compounding compared with simple engines of like construction 
was in three cases as follows: — 



Foden No. 2 simple.. .28.10 11 

Faxtnan ...No. 5 „ ..,24.77 
Maclaren ..No. 4 „ ...25.99 



No. 8 compound...: 
No. 9 „ ...: 

No. 10 



1.48 lbs.. ..30 per < 



24-15 



The break horse-power in the simple engines, not including Nos. l, 3, and 
4, is from S3 to 85 per cent of tlie indicator power; and that of the com- 
pound engines from 82 to 94 per cent. Apparently, the internal resistance 
is not increased by compounding. 

The engineers show, in an ingeniously constructed table, here repro- 
duced. No. 174. by comparison with the best performance at the Cardiff 
show, the economical effect of augmenting the steam pressure, and utilizii 



irdiff .^m 
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Table No. 174. — "Comparison between the Theoretical and Actual 
Economy derived from an Increase of Steam Pressure." 





Cardiff. 


Newcastle-on-Tyne. 




Reading 
Iron-works. 

Simple. 


Davey, Pax- 
man, & Co. 

Simple. 


Davey. Pax- 
man, 8l Co. 

Compound. 


Edward 
Foden. 

Compound. 


Okdbr Numbbk 


— 


6. 


9. 


a 






1. Steam pressure above atmosphere... 

2. Temperature of steam Fa 

3. Corresponding absolute tempera-! 

ture / 

4. Falls of temperature to 215 de-\ 

grees or 675 degrees absolute.../ 

5. Proportions which the flails bear to 1 

original absolute temperatures 

6. The reciprocals of the above ratios, 

which reciprocals the fuel actua 
consumed should correspond, reduc 
to the Reading Engine as unity . . . 

7. Water actually consumed per break' 

horse -power per hour (not in- 
cluding iacket-water) 
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Chapter LIV.— SEMI-PORTABLE UNDERTYPE COMPOUND 
STEAM ENGINE, of 20 Nominal Horse-power. 

DESIGNED AND CONSTRUCTED BY MESSRS. R. HORNSBV & SONS, GRANTHAM. 
(Cylinders 8 inches and 14 inches in diameter, stroke 16 inches.) 

Semi -portable steam engines are such as combine in one structure the 
engine and the boiler, and may be taken as portable engines without 
wheels. The engine may be placed on the top of the boiler, as in ordinary 
portable engines; or below the boiler on a special base- frame, known as 
the undertype system, exemplified by Messrs. Homsby's engine, here 
illustrated, figs. 809 and 810. 

The boiler is of the portable class, and is of steel. The fire-box is of 
Lowmoor iron plates, 7/16 inch thick, except the tube-plate, ^ inch; 
^7 inches long, 34^ inches wide inside. The shell is of ^-inch plates, 
3 feet S}4 inches long, 3^ feet wide outside. The barrel of the boiler has 
3 feet 4}i inches mean diameter inside, and is 7>^ feet long. There are 
48 iron flue -tubes, 2}4 inches in diameter externally, 7 feet 4^ inches 
long between the plates. No. 12 to No. 14 wire-gauge in thickness. T 
are arranged in vertical rows. The chimney is cylindrical, 15 inchi 
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diameter, lO feet liigh. The working pressure is 140 lbs. per square 
inch. 

The single-riveted seams have 2^ inches of lap, made with ^-inch 
rivets, at 1 ^ inches of pitch. The longptudinal seams of the barrel are 




Flgt B09.— Homsbj a Soni' Urdenype Comi 



Edeiik End Boiler : Sectioiul ElEviliaa ind Plan. Scale i/jSlh 



double-riveted, with 4 inches of lap, made with ^^-inch rivets, at 2J^ inches 
of pitch longitudinally. The factor of safety is 5. 

The fire-bars are of cast iron, "/,6 inch thick- " '*' ' tch air-spaces. 

The area of the fire-grate is 9 square fe' n&ce of the 
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fire-box is 50.21 square feet, and of the flue-tubes 235 square feet; together, 
285.21 square feet, or 31.7 times the area of grate. 

The cylinders are horizontal, 19J4 inches apart between their axes, 
compounded, 8 inches and 14 inches in diameter, with a stroke of 16 inches, 
connected to cranks at right angles on the main shaft The areas of tlie 
cylinders are as i to 3.06. They are "/,6 inch in thickness, and are inclosed 
in the receiver, and enveloped in receiver-steam. The valve-chests are on 
the outer sides of the respective cylinders. The steam is taken from the 
boiler by a 25i-inch iron pipe, 3/15 inch thick, slotted at the upper side 
to receive the steam. The blast-pipe is of cast iron, 4 inches in diameter. 




of ^-inch metal; and the orifice is of the same size. It terminates at a 
level 18 inches below the crown of the smoke-box. 

The main shaft or crank-shaft is of steel, 4^ inches in diameter, formed 
with two double-cranks at right angles. The Journals are 7 inches long, 
except the middle Journal, which is 9 inches long. The crank-pins are 
45^ inches by 3;3 inches long. 

The norma! speed of the engine is 135 turns, or 360 feet of piston per 
minute. By cutting off steam at from ^ths to ^/leths of the stroke, or from 
40 per cent to 44 per cent, it is found that the maximum of power — about 
three times the nominal power^ — is obtained with great economy of steam. 
The annexed sample indicator diagrams, figs. 811, show the distribution of 
le steam and the power. With steam of 140 lbs. pressure per square ind 
Vol, II TB 
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and a speed of 133.5 turns per minute, the initial pressure in the first 
cylinder is 128 lbs. per square inch above the atmosphere; and the back 
pressure is 28 lbs. above the atmosphere. In the second cylinder the mean 
initial pressure is 28 lbs., and the back exhaust-pressure is ^ lb. per square 
inch above the atmosphere. The average effective pressure in the first 
cylinder is 62.4 lbs., and in the second 17.12 lbs. per square inch. For the 
speed of piston, 356.65 feet per minute, the horse-power developed in the 
first and second cylinders respectively are 33.8 and 28.4 horse-power; or, 
together, 62.2 indicator horse-power. The steam is cut off in the first 
cylinder at a mean of about 31 per cent; and the nominal ratio of expan- 
sion is about 9 times. 

The average results of three trials, lasting 
each 6 hours 20 minutes, made with a 20-hor5e- 
power engine whilst on ordinary work, are as 
follows: — Speed, 134.06 turns, or 357.50 feet 
^■^ "^ ^ of piston per minute. Indicator horse-power, 

/'' ^( first cylinder, 33.82; second cylinder, 31.16; 

- (4-1-1-14 LLl— LL lI both cylinders, 64.98. Smokeless Welsh coal 
consumed 967.6 pounds, or 153 pounds per 
hour, or 17 pounds per square foot of fire-grate, 
or 2.35 pounds per indicator horse-power. 
Water evaporated 9260 pounds, or 148.4 cubic 
feet, supplied at 50° F. ; or 1463 pounds, or 
2344 cubic feet per hour ; or 2.80 cubic feet per 
square foot of fire-grate area; or 22.5 pounds 
per indicator horse-power per hour; or 9.57 
pounds per pound of coal, or 12.15 pounds of 
water from and at 2 1 2° F. 

The engine is fitted with Homsby's auto- 
matic expansion valve-gear, which has already 
been noticed in a different form, at page 35. 
An ex pans ion -valve works on the back of the main slide-valve, and is 
moved by a special eccentric, the rod of which is pinned to a slotted link 
suspended from a fixed pin or stud above it By the shifting vertically 
of a slide-block in the slot, by the action of the governor in the manner 
already explained, the travel of the valve, which is connected by a fadius- 
link to the sliding block, is varied, and in consequence also the period of 
admission. 

The weight of the engine complete is 9 tons 7 cwts. The price is £,^&o, 
or v£"si, Js. per ton. 

The rule for calculation of nominal horse-power, of such compound 
engines, practised by Messrs, Hornsby, is as follows: — Multiply the square 
of the diameter of the first cylinder in inches by 2, and divide the product 
by 8. The quotient is the nominal horse-power. The form of this rule is 
a recf^ition of the second cylinder. But the same result is obtained by 
dividing the square of the diameter by 4. 
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Undertype Steam Engines: Messrs. R, Homsiy &• Sons. 

Working Pressure 140 lbs. per squaie inch. 
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MULTIPLE-COMPOUND OR MULTIPLE-EXPAN- 
SIGN STATIONARY STEAM ENGINES. 



Chapter LV.— Introduction. 

By a simple process of induction, it is readily inferred that as compound 
steam engines have proved more economical than single-cylinder engines, 
so it is open for multiple-expansion, in more than two cylinders, to excel 
compound engines in efficiency and economy. As in the single cylinder, 
the range of internal temperature and the consequent condensation and 
re-evaporation of steam is greater than when apportioned between two 
cylinders compounded ; so in the compound engine of two cylinders, the 
individual range is greater than in multiple-expansion in three or more 
cylinders. 

Such is the common argument in favour of multiple-expansion. But 
it is scarcely sufficient, seeing that, though in individual cylinders com- 
pounded the range of temperature is less than in a simple cylinder, yet 
the total range between the initial temperature in the first cylinder and 
the final temperature in the last cylinder is practically equal to the range 
in a simple cylinder for equal ranges of expansion and pressure; and 
the total loss of efficiency due to condensation and re-evaporation should 
be the same in amount 

The specific reason for the augmented efficiency procured by multiple- 
expansion is due to the fact that, as shown by the diagram and table 
in pages 473 and 474, vol. i., the proportion of steam condensed is com- 
paratively very small for periods of admission of half the stroke or of longer 
periods; whilst for periods less than half-stroke the proportion increases 
very rapidly — in an accelerated ratio— as the cut-off is reduced ; insomuch 
that, in cutting off at 10 per cent of the stroke there is, in addition to the 
sensible steam cut off, steam condensed to the extent of 80 per cent of 
this sensible steam ; otherwise, of the whole steam admitted, 44 per cent is 
condensed In cutting off at or about half-stroke, therefore, in multiple- 
expansion engines, a great degree of expansion is attainable, without the 
injurious condensation and re-evaporation incident to shorter admissions; 
and, for this reason, economical results have been obtained from compound 
or multiple-cylinder engines without the employment of steam-jackets; or 
where the first cylinder only has been steam-jacketed. 

Mr. Daniel Adamson, in advance of his time, described, in 1875, a 
four-cylinder or quadruple-expansion condensing steam engine, horizontal ; 
whereof the first and second cylinders, in tandem, were connected to one 
end of the main shaft, and the third and fourth cylinders, in tandem, were 
connected to the other end. The cranli^ were at right angles, and an 
intermediate steam-jacketed receiv "^per system, was placed 
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between the two lines of cylinders, in connection with the second and third 
cylinders. The working pressure in the boilers was no lbs. per square 
inch. The cylinders were respectively 17 inches, 22^ inches, 30^ inches, 
and 42 inches in diameter, with a stroke of 5 feet The capacity- ratios of 
the cylinders were as i, 1.75, 3.17, and 6.10. The indicator horse-power is 
said, in one trial, to have been 540; 1.77 pounds of coal having been con- 
sumed per horse-power per hour. 



Chapter LVI. 

HORIZONTAL TRIPLE-COMPOUND CONDENSING STEAM 

ENGINE, FOR 1200 Indicator Horse-power. 



(Cylinder? l6 inches, 26 inches, and 46 inches in diameter; stroke 5^ feet.) 

This engine, figs. 812 and 813, was constructed for Messrs. John 
Dickinson & Co., Croxley Paper Mills, Watford. It has three horizontal 
cylinders, respectively 16 inches, 26 inches, and 46 inches in diameter, all 
with a stroke of S}4 feet, in the capacity-ratios of i, 2.64, and 8,26. The 
cylinders are placed upon two separate cast-iron bed-frames: the first 
cylinder on one bed-frame, the second and third cylinders on the other bed- 
frame. They are connected to cranks on the ends of the main shaft, on tlie 
middle of which the fly-wheel is carried. By this arrangement two distinct 
engines are provided ; and, in case of accident to the first engine, or to the 
steam tjoilers whereby the supply of steam is curtailed, the first engine may 
be uncoupled, and the second engine, comprising the second and third 
cytiriders, can be set to drive a large proportion of the work with a reduced 
boiler pressure, precisely in the manner of the compound engine by the 
same constructors already described and illustrated, page 267. At normal 
speed the engine makes 75 revolutions, or 825 feet of piston, per minute. 
The working pressure in the boilers is 150 lbs. per square inch 

The bed-frames are each a box-casting, of uniform width, $j{ feet at 
the upper part, 5 feet 11 inches over the base flanges. Each is cast in 
three pieces, of which the first piece, carrying the main bearing, extends 
to the back of the slides, and is 23 inches high. The second piece extends 
to the back of the second cylinder, and the third to the condenser. The 
average thickness of metal is 1 J^ inches ; it is ij4 inches thick at the 
main bearing. 

The section of the frame is shown in fig. 815. 

The first cylinder, figs. 814 and 815, is of 1 J^-inch metal, and is steam- 
jacketed, at the sides. The jacket is also of 1 '/.^-inch metal; it is of the 
S2mc length as the cylinder, and the cylinder-covers are bolted to it, with 
Ij^-inch flanges I'/i inches thick at the back, and i^ inches at the front 
or stuffing-box end. The length inside between the covers is 6 I 
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3 ^4 inches, allowing 8 inches for the thickness of the piston, and ^ inch 
clear space at each end of the stroke. The cylinder is bolted down to tlie 
base with eight i>4-inch bolts and nuts, four at each side. The i 
steam-pipe is 7 inches in diameter, and is of ^-inch metal. 

The first cylinder is fitted with a piston-valve, shown in figs. 814 and 
S 1 5, patented by Messrs. PoUit & Wigzell — a long hollow piston having 
metal rings and spring packing at each end to regulate the admission and 
the exhaust of the steam at each port The casing or valve-chest is of 
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Ij^-inch metal, iSJ^ inches in diameter inside, enlarged to 17 inches at 
each end. Steam is brought to the chest by a 6-inch steam-pipe, from 
which it is delivered around the middle or body of the piston, which is 
7^4 inches in diameter inside, and into the interior of it through openings. 
Thence it is admitted into the cylinder at each end, through ports in the 
main cylindrical valve, which is y^ inches in diameter inside, controlled 
by an automatic cut-oflT or ex pans ion -valve, accurately fitting and working 
within the main valve. The ports in the main valve are cut diagonally, 
as developed in fig. S16, and the edges of the cut-off valve are sloped to 
the same angle. By the action of the governor a revolving or twisting 
movement is communicated to the cut-off valve-rod, by which the valve 
IS moved slightly round one way or the other ; thus automatically increasing 
or reducing the lap, and correspondingly reducing or increasing the period 
of admission of steam to the cylinder, 

The main valve is worked by one eccentric, and the cut-off valve by 
a separate eccentric, with a stroke of 6j4 inches for each valve. Thi 
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valve-rod is a steel tube, 4 inches in diameter outside, working through 
a stuffing-box. The cut-off valve-rod is of mild steel, i J^ inches in dia- 
meter, reduced to i J^ inches inside the valve-chest It works within the 
tubular rod of the main valve. The exhaust steam passes from each end 
of the valve-chest through a 7-inch branch exhaust-pipe, the two branches 

being united to one pipe of the same diameter, which 

conducts the steam to the second cylinder. Thus, the 

|i\ maximum pressure of steam is limited to the space 

1I*\ between the piston packings; whilst the tube and the 

_ || \ joints of the valve-box covers are subjected only to 

|i^ \ the exhaust pressures from the cylinder. 

i| \ The second cylinder is of i^-inch metal 

il^'''\ It ^s fitted, like the first cylinder, with the 

patent piston-valve, having 6}^ inches of stroke, 

and is worked in the same way, except that 

the period of admission is regulated by 

iffsf.m^ \ hand, by means of a worm and worm-wheel. 

By this means — altering the cut-off in the 
second cylinder — any required back pres- 
sure can be turned on the first piston while 
the engine is at work. 

The third cylinder is of i J^^-inch metal. 

""''' '''pTforMS^'l'U^^^ It is fitted with two ordinary piston-valves 

with metal rings and spring packings, cot- 
tered upon one rod, which is cottered to and worked by the main piston- 
valve of the second cylinder. The two valve-box covers are connected by a 
tube, through which the valve-rod works; a long metal piston, fixed on the 
rod, works within the tube, making a steam-tight separation between the 
second and third valve-chests, and so dispensing with two stuffing-boxes 
which would otherwise have been necessary. Thus, altogether only two 
stuffing-boxes are required for the piston-valves; and these are at the front 
ends of the valve-chests, in full view of the attendant, and easily accessible. 

The valve-boxes are each fitted with a liner over the steam-ports, with 
diagonal openings, which can be readily renewed in case of wear. 

The intermediate 7 -inch exhaust- pipe, between the first and second 
cylinders, is treated as a receiver, and is encased by a cast-iron jacket, 
7 feet in length, 12 inches in diameter inside, supplied with steam direct 
from the main steam -pipe. Through a reducing valve connected to the 
main steam-pipe, steam can be turned on for blowing through, or for warm- 
ing the second and third cylinders. The first and second cylinders are 
fitted with a large spring safety-valve at each end. 

The areas for steam admission through the valves, and the port areas, 
are as follows: — 

Steam Admission. Port Area. 

First main valve 16 square inches. 24 square inches. 

Second do 32 „ ., 50 „ „ 

Third cylinder. ' „ 
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The design and arrangement of the second and third cylinders 
combination have already been noticed 
in describing the compound steam 
engine, Plate X., page 367: an exact 
counterpart, except in the employment 
of piston-valves in place of slides. 

The piston-rods are of Siemens- 
Martin mild steel, 4^ inches in dia- 
meter. The journals of the crank-pins 
are 4j4 inches by 6 inches long; those 
of the crosshead - pins, figs. 817. are 
4 inches by 5% inches long; both of 
mild steel. The connecting-rod, figs. 
818, is 13 feet g^{ inches in length, or 
five times the length of the cranks. It 
is round, and is 5 inches, 7 inches, and 
6 inches in diameter at the crosshead 
end, the middle, and the crank end, 
respectively. 

The stuffing-boxes are filled with 
metal packing. The two cylinder stuffing-boxes are revolving, constructed 



I 




on Sparkes' system, shown in figs. 819, in order to obviate any liability 

to scoring of the piston-rods, or inequality 

of wear, and to reduce friction and wear 

of packing. The stuffing-box is formed 

separately from thecylinder-cover,towhn,h 

it is attached by means of stud-bolta and 

a keep-ring, held to the cylinder-cover by 

a helical spring on each bolt, in compres 

sion. Thus the stuffing-box, whilst it is 
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held finnly, is free to revolve; and for the purpose of circular movement, it 




is fitted with a worm-wheel, geared with a worm which is slowly turned by a 
ratchet-motion from the valve-rod or other convenient reciprocating member. 
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The condenser is on the principle already described in page 268. It 
is of ^-inch metal. The 
air-pump is 23 inches in 
diameter, i inch thick. 

The governor is on 
the principle of the Col- 
lamore governor attach- 
ment already described, 
page 82 ; with the differ- 
ence in detail that, in- 
stead of the toothed sec- 
tor and rack there de- 
scribed, a smooth pulley 
and bow-string connec- 
tion with the governor is 
employed for moving the 
tumbling weight The 
apparatus is shown in 
f^s. 820 and 821, where 
it is seen that the bow- 
string attached by the 
ends to the governor 

slide is passed onceround 

the pulley, which moves r>,.8.,.-B.«ii=p«: i«h™™.Go™«r. sid.v>™. s-i..;j«i. 
one way or the other on 

its axis, and turns the cut-off valve-rod, as already described. The speed 
of the engine and the governor is I 

constant, though the plane of rota- 
tion of the governor-balls varies. 

The fly-wheel shaft is of mild 
steel, having two journals, 12^ 
inches in diameter, 26 inches long, 
enlarged to 18 inches in diameter 
at the middle for carrying the fly- 
wheel One of the cranks is shown 
in figs. 822; the lai^e eye is 14 
inches in diameter to fit the shaft; 
the smaller eye is J^ inches for 
the crank-pin, which is 8^ inches 
in diameter, 10^ inches long for 
the journal. A loose collar is 
fitted to the end of the journal, and 

. r .. J -lU J _ fifi. »».— Bilet" Entine: Cnnk. Salt i/wth. 

IS fastened with recessed screws. * 

The crank is secured on the shaft with a 2-inch round pin let half into the 
crank and h "haft The crank is lo inches thick, 2i}4 inches in 

inches over the pin. 





I 
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The fly-wheel, figs. 823, is of cast iron, 2Q feet in diameter. The rim of 
the wheel is 6 feet wide, turned to receive 28 ropes I ^ inches in diameter, 
to the section shown in detail, with holes for barring. The ropes are of 
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cotton. When the full load is on, the working stress is 292 lbs. on each rope. 
The limit of working load is 350 lbs. on each rope of i ^ inches in diameter. 
The breaking stress of a i ^-inch rope is from 3000 lbs. to 6000 lbs. accord- 
ing to the quality. Worked at a lineal speed from 3000 feet to 5300 feet 
per minute, such ropes have a life of from 5 to 10 years. 

The centre of tfie fly-wheel is 5 feet 5 inches in diameter, 21 inches 
wide in the shaft It is fixed on the shaft with four flat mild steel keys, 
45^ inches by i}i inches. There are 10 arms, hollow, of i>.^-inch metal, 
taper from 10 inches in diameter at the centre to 8 inches at the rim; 
fastened into sockets formed on the centre, with a steel cotter to each, 
5 inches by l% inches; bolted to the rim, which is in 10 segments, with 
four I J^ -inch iron bolts and nuts. The rim weighs 25 tons. 

Each of the main bearings is fitted with a small oil tank and puin|^ 
shown in fig. 824, driven by a band from th^ 'w vdiich a 

continuous flow of oil on the journals is provic ^ing kept 




BATES & CO.'S TRIPLE-EXPANSION STEAM ENGINE. 463 

in circulation. Thus the lubrication is both better done and more economi- 
cal than ordinary lubrication. The bearings are kept cool and in good 
condition. The crank-pins 
are fitted with a pendulum 
lubricator, by which the oil 
is carried down tlie centre 
of the pin through small 
passages drilled from the 
outside. By these means 
the engine can be run con- 
tinuously lubricated with 
out requiring to be stopped 
to have the lubricators re- 
plenished. The lubricant 
being forced through the 
pin is regularly distributed 
over the whole surface. 

Two sets of indicator diagrams, taken in January and February, 1890, 
are here reproduced on a smaller scale, figs. 825 and 826. The engine 
made 75 revolutions per minute, in both cases. In the first case, the 
pressure in the boiler was 150 lbs. per square inch above the atmosphere; 
and tlie initial pressure in the first cylinder was 146 lbs., or only 4 lbs. 
below the pressure in the boiler. 

TH CyUnder. gd CyUnder. 3d Cylinda. TglaL 

Indicator horse-power, first set 380 270 230 880 H.P. 

Do. do. second set... 329 356 278 963 „ 

When the full load, for 1 200 indicator horse-power, is applied, the additional 
power will be developed in the second and third cylinders. The period 
of admission in the first cylinder will be augmented, and a higher back 
pressure on the first piston may be imposed ; so causing a higher admission 
pressure on the second piston. It is estimated that the water consumed as 
steam is at the rate of 1 3 pounds per indicator horse-power. 

This engine is reported (February, 1890) to have been steadily working 
140 hours per week for nearly two years, without needing any repair. On 
examination, all the working parts, particularly the piston - valves, were 
found in good order. 

The limit of tensile stress in the structure of the engine is, for cast iron, 
1 100 lbs, per square Inch ; for wrought iron 4000 lbs. ; and for steel (bolts 
and piston-rods) 6000 lbs. 

The foundations, figs. 8i2 and 8 1 3, are 7J^ feet deep, of brick in 
cement, with a top and a bottom course of stone. The foundation for the 
first cylinder and its connections is 36^^ feet long, 6 feet i inch wide; 
that for the second and third cylinders is 53 feet long, 7 feet wide. 

The total weight of the engine is 1 10 tons. The cost (i8go) would be 
j^SOOo, or £4$, gj. per ton. The cost of erection averages £2 per toa 
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First Cylinder. Vertical Scale, 84 lbs. per inch. 




Second Cylinder. Vertical Scale, 36 lbs. per inch. 




Third Cylinder. Vertical Scale. 19 lbs. per inch. 




Block Diagram. Vertical Scale, 80 lbs. per inch. 
Figs. 8a6.— Bates' Engine: Indicator Diagrams. Second Set. 



Vol. II. 
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Chap. LVIL— VERTICAL TRIPLE-COMPOUND CONDENSING 
STEAM ENGINE, for 600 Indicator Horse-power. 

CONSTRUCTED BY MESSRS. TIMOTHY BATES & CO. (POLLIT & WIGZE^^L), 

SOWERBY BRIDGE. 

(Cylinders i6 inches, 21 inches, and 38 inches in diameter; stroke ^H ^cet.) 

This engine, figs. 827, 828, and 829, was constructed for the Baladina Mill, 
Bombay. Three overhead vertical cylinders are connected by three connect- 
ing-rods to two cranks on the main shaft below, and the power is taken off 
by a rope fly-wheeL The condenser and air-pump are below the floor- 
level. The first and second cylinders are slightly inclined to the vertical, 
and to each other; they are fastened to one pair of frame standards, and 
are connected to one crank. The third cylinder is connected to its own 
crank. 

The cylinders are 16 inches, 21 inches, and 38 inches in diameter, with 
a stroke of 3J4 feet; in the capacity-ratios of i, 1.72, 5.64. The working 
pressure in the boiler is 150 lbs. per square inch. The engine makes 
86 revolutions, or 602 feet of piston per minute. The first cylinder is 
steam-jacketed, and is fitted with the PoUit & Wigzell piston-valve, with an 
internal automatic cut-off piston-valve, controlled by the isochronous gover- 
nor, the same as already described, page 457. The second cylinder is 
fitted with a flat slide-valve and a cut-off piston-valve working on the back 
of the slide-valve; regulated by hand as before explained. The third 
cylinder is fitted with an ordinary D slide-valve. Each valve is worked 
by a separate eccentric, so that each valve can be separately adjusted and 
set The valve of the third cylinder has 9 inches of travel; the other 
valves have 6j4 inches of travel. The first cylinder is of i-inch metal; 
the jacket is i^ inches thick, and incloses a i-inch steam -space. The 
second and third cylinders are i}i inches thick. 

r%.i:.^^ i>«»t-. Steam-admission Ports 

Cylmder Ports. through the Valve. 

ist cylinder, 10 in. x i J^ in. = 15 sq. inches '3 sq. inches. 

2d cylinder, 15 „ X2 „ =30 „ 25 

3d cylinder, 20 „ X4 „ =80 



99 
>i 



Steam from the boiler is admitted from the main steam-pipe, of 9 inches 
bore, and ^-inch metal. The stop-valve has a 6-inch bore. The steam 
enters at the middle of the first piston-valve, and is exhausted from it at the 
ends by connecting pipes into the second valve-chest From the second 
cylinder it is exhausted through a single pipe to the third cylinder, and 
thence to the condenser. The cylinders are each fitted with spring escape^ 
valves ; and with drain-tubes and cocks at the lowest points of the cylinders 
and valve-chests, all connected and worked by means of one lever from the 
floor. 

The pistons are constructed on the system ^'' 
Pollit & Wigzell's steel coil. The piston -ro 
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diameter, working through double stuffing-boxes in the cylinder-covers. 
The stuffing-boxes are made double, as a safeguard, assisting the main 




"e condensed steam. They are shown in section 
■t of the water to some extent hd 
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Fig. 83a— Bates' Vertical Engine: Metal Packing and 
Stuffing-boxes. Scale x/8th. 



lubrication. The boxes are fitted with metal packing, consisting of 
white-metal rings, adjusted by means of brass circular gluts. Each ring is 

in two parts, cross-jointed and held 
by pins. Rings of fibrous packing 
are inserted : one in the first stuffing, 
two in the second. 

The crosshead pins are of steel, 
4 inches in diameter, 4^ inches long, 
for bearing. 

The power of the third cylinder 
is transmitted to the main shaft by 
means of a drag-link and crank, as 
shown in figs. 831, in preference to 
the method of a built or a solid crank- 
shaft Such a connection is considered to be mechanically the superior, 
besides being more easily erected and dismounted. The cranks form the 
angle 45°. 

The connecting-rods are /J^ feet long, or 4.29 times the length of the 
crank ; 4 inches in diameter at the crosshead end, 4}4 inches at the crank 
end, swelled to 5 ^ inches at the middle. The cranks are of wrought iron, 
turned, shrunk on the shafts ; fitted with steel pins upon which the cranks 
are shrunk. The crank-pin for the third cylinder is 4^ inches in diameter, 
5 yi inches long. The main crank-pin — of the first and second cylinders — 
is 8 inches in diameter, 10^ inches long; of length sufficient to receive two 
connecting-rods, and of diameter to be sufficiently strong for resisting the 
stress on the overhung pin for the drag-link. 

The crank-shafts, figs. 831, are of mild steel. The shaft for the third 
cylinder is 8 inches in diameter; the first and second cylinder shaft, or main 
shaft, is 12 inches in diameter, increased to 14 inches for the seat of the 
fly-wheel. The neck journal next the- crank is 24 inches long; the outer 
journal is 10 inches in diameter, 20 inches long. 

The fly-wheel is 18 feet in diameter, turned at the rim with grooves for 
18 ropes i^ inches in diameter; with holes for barring. The rim consists 
of ten segments. There are ten round arms turned to fit sockets in the boss 
or centre into which they are cottered. The arms are bolted to the rim with 
four 1 54^-inch steel bolts and nuts. The joints of the rim are fastened with 
six I ^-inch steel bolts and nuts. The total weight of the wheel is 20 tons. 
The valve-gear is of wrought iron, except the pins, which are of steel. 
Every working joint and bearing throughout the engine is adjustable. 

The engine is fitted throughout with lubricators for ensuring continuous 
running. The main-shaft bearings, figs. 831 and 832, are served by oil- 
pumps of the kind already noticed, page 463. 

The condenser is a cubic casting of J^-inch metal, 5 feet high, 3 feet 
square, supplied with cold water from a 6-inch pipe through one side, 
having a 6-inch nozzle, from which the water is delivered upwards. 

There are two single-acting air-pumps, of i-inch metal; each 20 inches 
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in diameter, with a stroke of 20 inches. They 
arms on a rocking-shaft, which is moved by 
a connecting-link from the crank-pin of the 
third cylinder. The plungers are fitted with 
metal packing at the upper part The lower 
part has eight grooves turned in it lor water- 
packing. The suet ion -valves and delivery- 
valves are clustered on a valve-seat for each. 
There are nine valves for each function, of 
india-rubber, 5 inches in diameter. All studs 
and nuts in contact with water are of phos- 
phor-bronze. All parts are readily accessible. 

The first cylinder has been constructed 
somewhat large proportionally, in order that 
the engine may be worked, when required, 
under reduced pressure; and that, under full 
pressure, the steam may be cut off propor- 
tionally earlier, and the admission may there- 
fore be the more easily controlled by the 
governor. 

The governor is fitted with Collamore 
compensating tumbler weights, already no- 
ticed. 

The engine stands on two cast-iron 
bases.of I !ji -inch metal. 24 inches high. The 
foundation is a solid mass of brickwork coped 
with stone, ly'^^ feet by g% feet, and 7*^ feet 
deep, with an auxiliary foundation for the 
condenser and air-pumps. 

The total height of the engine above 
the foundation is 19 feet. The total weight 
of the engine is 5G tons; and the price is 
^£2725, or ^48, i$s. per ton. 
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Chapter LVIII.— HORIZONTAL TRIPLE- EXPANSION 
CONDENSING STEAM ENGINE. 

DESIGNED BY MESSRS. RHODES » CRITCHLEY, BRADFORD ; CONSTRUCTED BY MESSRS. 

COLE, UARCHANT, & CO., BRADFORD. 

(Cylindeis i}( iocbes, 13V inches, and Zi>j inches in diaineter; stroke 4 feeL) 

This engine, figs. 835 and 836, was constracted for and erected at the 




mills of Messrs. R. & H. Hinchclifle, Cragg Valley, Mytholmroyd. The 
peculiar design of the engine was an adaptation to the small area available 
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for housing the new engine — 22 feet by gj^ feet— and the necessity for 
utilizing the existing foundations, that had been occupied by the previous 
engine. 

The cylinders are 8"^ inches, 13)^ inches, and 21 J^ inches in diameter, 
witii a stroke of 4 feet; having capacity- ratios of 1, 2.58, and 6.80, They 
are not steam-jacketed. They are placed horizontally one over the other, 
and the three piston-rods are fastened to one steel crossiiead common to 
all, from which the power is delivered through a single connecting-rod to 
a crank on the main shaft. The first cylinder is fitted with Corliss valves, 




for which the steam boxes are 4^ inches in diameter, 10 inches long; and 
the exhaust boxes are 5 inches in diameter. The trip gear (Rhodes and 
Bywater's patent) is shown in figs. 834, The discs are wrought-iron plates; 
the pawl is of steel, with a i-inch steel pin. On the same axis are the cam 
and lever for tripping the pawf, also of steel, case'- hardened. The wrist- 
plates are of cast iron bushed with steel liners, and fitted with i^fl-inch 
steel case-hardened pins. 

The second cylinder is fitted with two slides and cut-off plates worked 
directly by eccentrics on the drag-shaft, which is driven by a return-crank. 
The plates can be regulated by means of a hand-wheel and index to vary 
the cut-off. as may be required, in order to equalize the work of tlie 
cylinders. The third cylinder is fitted with an ordinary slide-valve, worked 
by an eccentric on the drag-shaft. 

The pistons are on Buckley's system. The piston-rods arc of steel, 
3 inches. 3j^ inches, and 3j4 inches in diameter respectively. The cross- 
head is of cast steel. It is fitted with a steel gudgeon 5J^ inches in dia- 
meter. The slide-blocks are 2% inches thick, and of length equal to the 
distance apart of the axes of the first and third cylinders. The connecting- 
rod is of scrap iron, 10 feet long, or five times the length of the crank, forked 
at t*"' ■* ' ' ^ad end and solid at the crank end. The crank is of iron, 
6 i ivith a 45'4-inch steel pin. The main shaft is of hammered 

•r ches in diameter, increased to 10 inches for the fly-wheel; 

e Syi inches in diameter, 14 inches long. The engine is 
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First Cylinder. Scale of Pressure, zao lbs. per indl. 




Second Cylinder. Scale of Pressure, 48 lbs. per inch. 



controlled by a high-speed governor. The air-pump is 15^ inches in dia- 
meter, with a stroke of 18 inches, worked by means of a bell-crank lever, from 
the crosshead. There is a blow-through valve between the first and second 

cylinders, to get the stress fairly 
applied to the crosshead in starting. 
The indicator diagrams, figs. 837, 
were taken before the cylinders 
were lagged, for a speed of 63 revo- 
lutions per minute. They show 
59.35, 60.05, and 68.20 respectively, 
indicator horse-power; making to- 
gether 187.60 horse-power. The 
working pressure in the boiler was 
150 lbs. per square inch. 

According to the results of a 
test trial conducted by Mr. John 
Waugh, in November, 1889, the in- 
dicator horse-powerwas respectively 
65.7, 54.6, and 59.1 for the several 
cylinders; making a total of 179.4 
horse-power. The working pressure 
in the boiler was from 140 lbs. to 
148 lbs. per square inch. The fuel 
used was half slack at 6s. J^d. p>er 
ton, and half "peas" at ys, ()d. deli- 
vered. The feed-water was heated 
by an economizer. From the gen- 
eral performance of the engine it is 
estimated that 2.45 pounds of fuel 
was consumed at the trial per indi- 
cator horse-power per hour. The 
steam for cop-steaming and mill-heating was included in the work of the 
fuel ; and is estimated as equivalent to from ^ to i pound of coal, leaving 
from 1.70 to 1.45 pounds consumed by the engine per indicator horse- 
power per hour. 

The weights of the engine are as follows: — 

Tons. Cm^. Qrs. Lbs. 

Bed-frame o 102 3 6 

Cylinders o 76 3 14 

Crosshead o 7 i 12 

Connecting-rod o 8 i o 

Crank o 8 o 18 

Main shaft o 15 i 20 

Fly-wheel 12 o o o 

Air-pump, eccentrics, rods, valves, bolts, &c., about 5 000 

27 18 3 14 




Third Cylinder. Scale of Pressure, 20 lbs. per inch. 
Figs. 837. — Rhodes & Critchley's Engine: Indicator Diagrams. 



Total weight of engine 

The price is £goo^ or £12, /\s. per ton. 
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Chapter LIX. 

HORIZONTAL DISCONNECTIVE QUADRUPLE -EXPANSION 

NON-CONDENSING STEAM ENGINE, for 350 Indicator Horse-power. 



CONSTRUCTED BY MESSRS. RANKIN & I 
ICylindeis 12 inches, 16 inches, 21 iadies, ind 2$ inches in diameter; slruke 3 feel.) 

This engine, figs. 838 and 839, was constructed for Messrs. James 
Bannatyne & Sons, and erected in April, 1889, at their City Rolling Mills, 
Limerick. The cylinders, four in number, are horizontal, and are arranged 
as for two engines, on two independent bed-frames, between which the fly- 
wheel is located. In ordinary condition the cylinders work in sequence, 
by successive expansions of the steam. But they are "disconnective," on 
Rankin's patent system; by means of which one half of the engine may 
be utilized, if the other half should happen to be out of order, or should 
break down. 

The cylinders, figs. 840, 841, and 842, are successively 12 inches, 16 inches, 
23 inches, and 28 inches in diameter, with a common stroke of 3 feet; and 
their capacity- rati OS are as i, 1.73, 3.36, and 5.45. They are not steam- 
jacketed; but they are covered with non-conducting material, lagged and 
varnished. They are bolted down to the bed-frames, each pair being placed 
in tandem. In the first pair — the first and second cylinders — the second 
is the outer cylinder; in the second pair, the third is the outer cylinder. 
Thus, the steam from the second cylinder is exhausted directly across to 
the third cylinder; thence to the fourth cylinder, and thence exhausted 
into the atmosphere. The disconnective system includes a special exhaust- 
pipe for the first half to the feed-heater, and a reducing valve to admit 
steam direct from the boiler to the second half The normal speed of 
the engine is 75 revolutions, or 450 feet of piston per minute. The working 
pressure in the boiler is 180 lbs, per square inch. 

The bed-frames are of box section, and are two complete rectangles. 
Each is formed in half lengths, bolted together. They are shown clearly 
in the foundation plan, figs. 845, and in section, figs. S42. They are 
12 inches high; each box limb is 10 inches wide, of _7-^-inch metal; flanged 
to make a width of 1 1 inches at the base. The top width is increased to 
1 5 inches for the bearings of the fly-wheel. The frame is planed on the 
lower surface, and on the upper facings for the cylinders, guide-bars, and 
pedestals. 

The first and second cylinders are of i J^-inch metal ; the third and fourth 
are of i J^-inch metal. They are each fastened with six bolts and nuts to 
the bed-frame. The first and second pistons are packed with Ramsbottom 
rings, of hard cast iron, ^ inch by l4 inch ; the third and fourth are packed 
vith Rowan's rings and springs. The piston of the third cylinder, 22 inches 
in diameter, is illustrated by figs. 843. The Rowan pistons are known as 
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solid-block pistons, as they are each cast one piece, recessed for the p^k- 
ing-rings. The recess is ij4 inches deep, 3^ inches wide, and is occupied 
by two cast-iron packing-rings, of uniform rectangular section, about ^ inch 




by ^ inch. Tne ends of each ring are made steam-tight by the aid of a 
brass glut, as shown, which is faced steam-tight to the top or the bottom, and 
the back of the recess. Each ring is acted on by a separate spring, con- 
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listing of a steel ribbon bent to a circular form and closed by a coupling. 
On this ribbon, five studs or projections are cramped, which take a bearing on 
and press outwards on the back of the ring, in virtue of the distorted form 




Into which the ribbon is forced— a series of flat arcs of circles, corresponding 
to the number of bearing points. Thus the rings are constantly pressed 
against the inside of the cylinder. A third spring, consisting of a steel 
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ribbon, is interposed between the two rings. It is of an undulating or 
corrugated form, and is known as the wave-spring. When in place, it is 
under stress, being slightly flattened, and it presses the two rings apart, 
causing them to bear steam-tight upon the top and bottom of the recess. 
The versed sine of each corrugation, when the spring is free, is % inch. As 




id Cylinder. 
Fi^ S43. — RADkin'i Enginr 



Third Cybnder. 

Cylbden ud VdrEi Scale i/i«th. 



each spring can, by this combination, be adjusted for its own special duty, 
independently of tfie others, minimum pressures are exerted on the inside 
of the cylinder and the recess of the piston, consistent with steam- 
tightness. 

The first cylinder is fitted with Proell's automatic expansion gear and 
governor for cutting off (described at page 74), constructed by Messrs. T. 
M'Culloch & Sons, Kilmarnock. But, instead of following Proell's general 
practice of providing two Corliss valves for exhausting the steam, Messrs. 
Rankin & Blackmore devised piston-valves on one spindle, worked directly 
from an eccentric on the main shaft, shown in fig. 840; the valve-spindle 
being extended to meet the valve-spindle of the second cylinder, to which 
it is cottered. Thus, by one eccentric, the first and second cylinders are 
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served; and by a like combination the third and fourth are served by 

another eccentric, as shown I 

in the general plan. fig. 839, 
and the detail plans. Be- 
tween the first and second 
cylinders, and between the 
third and fourth, there is 
only one stuffing-box for the 
piston-rod, in halves bolted 
together. 

The piston-rods are of 
forged iron, fitted into the 
pistons and crossheads, with 
a good taper and a shoul- 
der ; secured by a deep nut 
on the pistons, and a 
wroughl-iron cotter on the 
crosshead. The gudgeons 
are of scrap iron, tightly 

shrunk into the crossheads. These are fitted with adjustable slides, of hard 
cast iron, which work in adjust- 
able cast-iron guides. 

The connecting-rods are of 
scrap iron. The gudgeon ends 
are fitted with brass bushes 
secured by gibs and cotters; the 
crank-pin ends are T-shaped, 
6ttcd with flat bushes of hard 
brass, with liners between the 
bushes for adjustment; secured 
by wrought-iron covers, and 
bolts and nuts recessed into 
guard rings having set-pins. 

The main shaft is built of 
scrap iron, with two double-arm 
cranks, set on the shaft at right 
angles to each other. The shaft 
is 10 inches in diameter at the 
inner journals, and y% inches 
at the outer journals. The 
pedestals for the main bearings, 
four in number, are bolted to 
the bed-frames; they can be 
adjusted by means of wedge- 
form keys. They are fitted 
with gun-metal bushes, each in four p 
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FigL B4].— Rukin'i EngiDc: FDunditun. Scale i/96th. 

taken up in any direction. To facilitate such adjustment, two bolts having^ 

wedge ends are passed 
through the covers, and 
can be tightened with deep 
nuts. The covers of the 
pedestals are of tough cast 
iron, and they are each 
fastened with four bolts 
and nuts. 

The fly-wheel is i6 feet 
}^ inch in diameter, ij^ 
feet wide at the rim. The 
rim is in eight segments, 
bolted together and to the 
arms. The arms are eight 
in number, keyed into the 
rim, and cottered into the 
centre, which is 4 feet in 
diameter. The rim is 
turned with fifteen grooves 
suitable for hemp ropes^ 
S3^ inches in circumfer- 
ence — about i^ inches 

m ilirtuwtcr. The wheel is fastened on the shaft with four keys. 
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A barring engine is sup- 
plied for starting or turning 
the fiy-wheei, as shown in 
fig. 839, and also in the de- 
tail, figs. S44. It is scarcely 
cveremploj'ed except when 
there is no steam at com- 
mand. By giving steam 
through the stop-valve, on 
the first piston, or through 
a reducing - valve on the 
third piston, the engine is 
easily started. When em- 
ployed, the barring engine 
is thrown into gear and 
worked by means of the 
hand-lever. Then it is 
thrown out of gear and is 
kept out by means of the 
balance weight 

The feed - pump is 2 
inches in diameter, with a 
stroke of 3 feet; worked off 
the fourth crosshead; con- 
nected by copper pipes to 
the boiler and the feed- 
water. The heater is on 
Atkinson's system; the tem- 
perature of the feed can be 
raised 190° F. 

The foundation for the 
engine, figs. 845, is of con- 
crete, s feet 10 inches deep, 
35 feet 8 inches long, by 
14 feet wide; recessed for 
the fly-wheel. Each bed- 
frame is fastened down 
with eleven i^-inch iron 
bolts and nuts, with cotters 

2 inches by s/ie inch at the 
lower ends, and cast-iron 
washer - plates, g inches 
square, 2inches thick. Holes 

3 inches square are formed 
in the concrete to receive 
thebolts. Transverse open- 
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ings in the concrete, 21 inches square, are formed at the bottom, to give 
access to the bolts. 

The boiler, constructed by Messrs. Rankin & Blackmore, for supply- 
ing steam to the engine, is of steel, of the return-tube marine type, for 
a working pressure of 180 lbs. per square inch. It is 11^ feet in dia- 
meter, 9 feet 8 inches long, having two of Fox's corrugated furnace-tubes, 
3 feet S inches in diameter, giving a total heating surface of 1220 square 
feet, or 29 times the grate-area, which is 42 square feet The shell-plates are 
i^ inches thick; they were rolled cold in order to obviate the risk incurred 
by local heating. There are 166 tubes 3^ inches in diameter inside, at 
4"/i6-inch pitch, 6 feet 8 inches long. Of these, 52 are stay-tubes, screwed 
into the front and the back tube-plates, thus superseding the employment 
of nuts. The circular seams of the shell are double - riveted ; and the 
longitudinal seams are triple-riveted, made with butted joints and straps 
1 5/16 inches thick, as in figs. 846. The shell-rivets are of steel, ij^ inches in 
diameter. The rivet-holes were drilled in position, and the riveting was 
performed with "hydraulic pressure. The percentage of strength of plates is 
84; that of rivets, 86. 

After two months* working night and day the engine was tested for 
performance. The results of a three-hours* test, conducted by the pro- 
prietors, making 75 revolutions per minute, and indicating 350 horse-power, 
showed a consumption of 1.65 pounds of Welsh coal of good quality, per 
indicator horse-power per hour. Sample diagrams are shown in figs. 847. 
It is stated that these engines consume only about one-half as much fuel 
as the engine previously employed, which was a compound non-condensing 
engine, using steam of 80 lbs. pressure per square inch, generated by two 
large Lancashire boilers. 
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RAILWAY LOCOMOTIVES. 



and 

f.s. 
of the 



HAPTER LX.— BRITISH AND FOREIGN TYPES OF 

LOCOMOTIVES. 

As a system of types or classes of locomotives for a first-class English 
railway, diagrams of those designed and constructed by Mr. Williana 
Stroudley for the service of the London, Brighton, and South Coast Rail- 
way are given in figs. 84S.' Leading dimensions and weights for each 
class are given in the table 175, page 4S9, comprising engines weighing 
from 24^4 tons to upwards of 40 tons; or, with tender, about 68'/i tons 
gross. The Gladstone passenger class is distinguished by the coupling of 
the leading wheels to the drivers. This engine is afterwards noticed. 

American practice, many years since, arrived at one leading type of 
passenger engine, which serves also as a light freight engine — in fact a type 
universally employed in the States — having eight wheels, of which four in 
front are framed in a bogie, and the four wheels behind are coupled drivers. 
There are, for passenger and goods traffic, four principal types of loco- 
motives: — the passenger or light freight locomotive having four-coupled 
wheels with a leading bogie, just noticed ; goods engines, having six-coupled 
wheels, with a leading bogie, or with a pony-truck or single radiating pair 
of wheels in front — of the "Mogul" type; heavy goods engines, "Consoli- 
dation" type, having eight-coupled wheels, and a pony-truck in front; and 
four -coupled wheel switching, shunting, or marshalling engines. The 
cj-linders are, in all types, outside. The following table. No. 176, page 492, 
gives dimensions, weights, and weight of trains, for types of American loco- 
motives constructed by the Baldwin Locomotive Company, illustrated by 
figs. 849 and 850. 

Each of the types named in the table is constructed of several sizes, of 
which the largest is the size noted in the table. No. i, the "American" 
type, is suited for ways laid with rails of from 30 lbs. to 40 lbs. per yard. 
No, 2, " American," for passenger and freight traffic ; for burning anthracite, 
a longer fire-box is required, adding from 4000 to SOCXD pounds to the 
weight of the engine. No. 3, fast passenger locomotive: — the weight on 
the driving-wheels can be increased by the addition of from SocX) to 10,000 
pounds by shifting the bearings on the equalizing beams between the trail- 
ing and the driving axles. No. 4, for freight and mixed traffic; for burning 
anthracite the engine is increased in weight by about 6000 pounds. The 
leading and trailing coupled wheels can be flanged, the driving wheels plain, 
and the truck or bogie made with a swinging bolster; or the driving and 

' See a paper by Mr. Stroudley on " The Constrnclion of LocorooliTc Engines, with some tes 
of the working of those on the Ijindon, Brighlon, and Soolh Coaxt Railway," m Ihe Miaul, 
AwcadiMgi a/til /nttiMwn v/ Civil Siisiii^fri, vol. Ixxxi., 1884-1885, page 76. 
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trailing wheels can be flanged and the leading pair plain, but the truck 
should be without the swinging bolster. A straight -top boiler, having 
a dome in the middle, is made for locomotives of this pattern. No. s, 
light - freight engine, "Mogul" type, for rails weighing 40 lbs. per yard. 
No. 6, freight engine, "Mogul" type; the leading and trailing coupled 
wheels have flanged tyres; the driving wheels are plain. The pony- 
truck has a swinging bolster, and by means of a radius bar, it radiates on 
a point in advance of the leading coupled axle. No. 7, "Consolidation" 
t>'pe : it has two pairs of flanged coupled wheels — either the leading and 
trailing, or the driving and trailing — the two other pairs being without 
flanges. The pony - truck has a swinging bolster and radius bar, as in 
the "Mogul" type. No. 8, switching engine: the weights and loads are 
calculated for engines with separate tenders. No. 9, for switching or local 
service, having the driving axle under the fire-box, has a shallow fire-box. 
Two pairs of wheels are equalized together longitudinally; either the driv- 
ing and coupled wheels, or the coupled wheels and pony-truck. The pony- 
truck has a swinging bolster and radiating bar. This engine, running 
with the truck ahead, can readily traverse the quickest curves. No. 10, 
specially adapted for switching and local service, and for short runs at 
moderate speed. The fuel and water are carried on and in the tank at the 
back of the engine. The pony-truck is under the tank, and has a swinging 
bolster and radius bar. The loads on the coupled wheels are equalized 
together, the boiler and machinery being carried on equalizing levers mid- 
way between the axles. On this system of engine there is room for a large 
fire-box of ample length and width. No. 11, also of the Forney type, 
having a trailing bogie, has the characteristics of No. g, with a trailing 
pony-truck. But with the bogie, the capacity of the tank is greater than 
in No. 9, and the engine runs somewhat more smoothly. It is like the 
" American " type, No. 2, as it is carried on two systems of equalized wheels. 
In No. 12 type, each pair of coupled wheels is equalized with the neighbour- 
ing pony wheels. Each pony-truck has a swinging or sliding bolster and 
radius bar. Such engines pass freely along short curves, and are specially 
adapted for light switching service, or for light passenger or freight traffic 
on city or suburban railways, where short curves are traversed at some 
speed, and where it is desirable to run both ways without turning the engine. 
No. 13 is adapted for service like that mentioned for No. 12. The bogie 
under the tank admits of a larger tank than for No. 13, and has a greater 
capacity for water and fuel. No. 14 has the driving and trailing coupled 
wheels equalized, and they carry their load at the centres of the side-equal- 
izing beams. The springs of the leading coupled wheels are cross-equalized. 
The driving wheels have plain tjTes. 

The locomotive stock of the St Gothard Railway is typical of European 
practice for mountain traffic The cylinders are outside; and the five classes 
or types are illustrated by figs. 85 1 and S52, and their principal dimensions 
are given in table No. 177, page 49S. 
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The tank engine, B', is a powerful engine for passenger traffic, of four 
coupled wheels, with a leading bogie, resembling the American engines, 
already described; designed to work high-speed trains on easy inclines 
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and capable of drawinj; a train \vois;ht of 120 tons at a speed of 28 miles 
per hour, up an incline of l [K-T cent, or 1 in 100. The weight of the trains, 
ordinarj- ami expn,\is. is t,"cuer.Uly 5;rv.»tcr than that; and it would have been 
better to construct the engine with A tender. 
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The tender engine, C, is a powerful six-coupled engine, designed to draw 
goods trains on the easy lines, and any train on the mountain. It is cap- 
able of taking — 




■jao tons, at from i8 to 
or I in 40. 



o miles per hour, on an incline of aj^ per cent, 



[50 tons, at 10 miles per hour, on an incline of i in 40. 

at I [ miles per hour, on an incline of i in i 



I 360 to 400 tons, i 
As this engine weighs 14 tons per axle, it represents nearly the maximum 
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Table No. 177. — Types of Locomotives, St. Gothard Railway. 



f 




Tank Engines. 




Tender Engines. 


Designation of Engine 












A' 


B* 


c 


C 


D 


Cylinders, diameter... inches 


8.66 


16. 1 


18.9 


18.9 


20.5 


Do. stroke 11 


13.8 


24.1 


25.2 


25.2 


24.0 


Driving wheels,diameter ti 


39-4 


62.4 


63.0 


63.0 


45.1 


Carrying wheels, do. n 




33-6 


33.5 


— 


— 


Wheel-base, coupled! ^ j^^ 


8 2>i 


6 io;i 


II 2 


12 JT 


12 9Ji 


Wheel-base, bogie 1 1 


— 


5 " 


— 


— 


— 


Do. total II 


82^ 


20 8 


19 2 


12 JT 


12 9ji 


Weight of engine, empty, tons 


11.60 


33.00 


41.40 


36.10 


44.70 


Do. in work-1 










\ 


ing order, with store • it 


14.68 


44.20 


57.00 


— 




of fuel and water J 










^ V Mt^^ 


Weight of engine, in^ 










• 5^.70 


working order, witliout - 11 
store of fuel and water J 


12.66 


36.82 


47.50 


— 












J 


Weight, driving, for ad- \ 
hesion, maximum / " 


14.90 


27.60 


43.00 


43.92 


51.70 


Do. do. minimum... n 


12.90 


21.60 


34.00 


41.46 


51.70 


Frame plates, thickness, inch 


.40 


1.30 


1.18 


1. 18 


1.38 


Do. length... ft ins. 


178 


29 2 


29 ^yi 


26 9 


28 2 


Extreme length over^ 












bufTers (including - ti 

tenders) J 

Driving and coupled 1 • 
axles, diameter / 


21 8 


33 I 


33 ">i 


48 


48 9 


4.72 


6.50 


7.48 


7.48 


7.87 


Driving and coupled^j 












axle journals, dia- - m 


4.7^ X 7.09 


6.69x945 


7.87 X 9.45 


7.87 X 9.45 


7.87 X 945 


meter and length J 












Barrel of boiler, diam... m 


31.66 


48.42 


57.09 


57.09 


6a44 


Total length of boiler, \/y • 
including smoke-box / ' ' 


12 ^% 


15 6X 


15 loX 


15 loX 


24 5 


Fire-grate, area. sq. ft. 


4.10 


14.85 


19.56 


19.56 


23.11 


Number of flue-tubes... tubes 


69 


150 


207 


207 


225 


Diameter ins. 


1.77 


2.01 


1.97 


'•97 . 


1.97 


Length between plates..ft in. 


8 2 


13 2 


12 9>i 


12 9>i 


13 9>i 


Heating surface — 












Fire-box sq. ft. 


26.90 


78.50 


94.00 


94.00 


102.10 


Tubes II 


262.30 


1035.00 


1363.40 


1363.40 


1596.30 


Total 11 


289.20 


1 1 13.50 


1457-40 


1457.40 


1698.40 


Ratio to grate-area ... m 


70.5 to I 


75 to I 


74.5 to I 


74.5 to I 


73.5 to I 


Capacity for water gals. 


355 


1 194 


1555 


— 


— 


Do. coal tons 


.42 


2.00 


2.50 


— 


— 


Tender (4-wheeled). 












Capacity for water gals. 


— 


— 


— 


1888 


1822 


Do. coal tons 


— 


— 




4.50 


4.80 


Diameter of wheels ft. in. 


— 


— 


— 


3 1% 


38 


Weight empty tons 




— 


— 


9.62 


9.62 


Do. loaded »• 


~ 






23.00 


23.00 
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of power of an engine on three axles. The boiler is large, and holds 5 tons 
of water, — a good regulator of pressure. 

The tank engine, C, was designed for passenger traffic on the mountain, 
and goods traffic on the easy lines. It is substantially the same as the pre- 
ceding, C, with the addition of a leading pair of carrying wheels, radiating 
on the Bissel system, like the American pony-truck, and tanks and coal- 
boxes. This class of engine has proved inconvenient for inspection and 
working, the tanks being much in the way and the room on the foot-plate 
too limited for properly attending to the fire without great labour. This 
class is being abandoned. 

The goods engine, type D, is an eight-coupled wheel engine, for working 
goods trains on the mountain. It can draw from 175 to 180 tons up an 
incline of 2% per cent, or i in 40; so that the train of 360 tons taken on 
the easy lines by one engine, C, is taken on the mountain by t^\'0 engines, D. 

The small tank engine. A', is designed for working branches. 

The locomotive stock thus noticed has been designed specially with a 
view to the passage over a line laid out with a great number of curves of 
15 chains radius (300 metres) without difficulty. This object has been suc- 
cessfully attained : by the bogie of the engine B', and the restricted wheel- 
bases of the engines C and D. 

Experience has shown that the tank engines are not suited for heavy 
trains on great lines; and that it is better to utilize the disposable margin 
of engine load in augmenting the power of the engine, and providing a 
tender for fuel and water. But for short lines, especially mountain lines, 
the tank engine is advantageous. 



Chapter LXL— TRACTIVE POWER OF LOCOMOTIVES 

AND RESISTANCE OF TRAINS. 

Two cylinders of equal diameters are universally employed in locomo- 
tives, coupled to one axle, except in compound -cylinder locomotives, 
now coming to the front. For cylinders of equal diameter the pressure 
or tractive force as at the rails, equivalent to the effective mean pressure, 
IS given by the following formula, first, it is believed, propounded by 
Pambour:— r^ d^'Lp , . 

Reversely, the efTective mean pressure on the pistons, equivalent to a given 
tractive force as at the rails, is expressed by the formula: — 

p-m. <*> 

^ = the diameter of the cylinders, in inches. 

L = the length of the stroke, in inches. 

D = the diameter of the driving wheels, in inches. 

/ = the effective mean pressure on the piston, in pounds per square inch. 

T » the equivalent tractive force, as at the rails, in pounds. 

Vol. II. 82 
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Rule i. — To find tlie tractive force. Multiply the square of the diameter 
of the pistons, in inches, by the length of the stroke, in inches, and by the 
effective mean pressure on the pistons, in pounds per square inch ; and divide 
the product by the diameter of the driving wheels, in inches. The quotient 
is the equivalent force, as tractive force, at the rails in pounds. 

Rule 2. — To find the required effective mean pressure in the cylinders. 
Multiply the diameter of the driving wheels, in inches, by the total equi- 
valent tractive force, as at the rails, in pounds; and divide the product by 
the square of the diameter of the cylinders, in inches, and by the length of 
the stroke in inches. The quotient is the required effective mean pressure 
in pounds per square inch. 

It is understood, of course, that so much of the force developed in the 
cylinders, as is necessary to overcome the resistance of the machinery of 
the engine, is intercepted and consumed; and that only the balance of the 
force is available for tractional action at the rails, and there exerted. But, 
for the sake of reducing, for purposes of estimation, all the resistances of 
the engine, as well as those of the train, to one standard for measurement, 
the whole of the net or effective steam-pressure in the cylinders, measurable 
by the indicator, is reduced to an equivalent tractional force as at the rails. 

The effective mean pressures in the cylinders of locomotives, deduced by 
the author from indicator diagrams (Plate I. vol. i. page 456) taken by 
Sir Daniel Gooch from the "Great Britain" locomotive on the Great 
Western Railway, are given in the table No. 178,^ for various periods of 
admission, of from 10 per cent to 75 per cent of the stroke, for maximum 
pressures of steam of from 70 lbs. to 100 lbs. per square inch above the 
atmosphere in the cylinders. The values are approximately correct for 
higher pressures up to 140 lbs. per square inch. The rule by means of 
which the values in the table were calculated is as follows: — 

Rule 3. — To find t/te effective mean pressure in t/ie cylinder, the maximum 
pressure being given, and the period of admission. Find the square root of 
the period of admission, expressed in per cent of the stroke; multiply it by 
13.5, and subtract 28 from the product The remainder is the effective 
mean pressure in per cent of the maximum pressure of the steam admitted. 

The formula is as follows: — 

P=i3.5\/^-28. (3) 

P = effective mean pressure, in per cent of the maximum pressure of 

admission above the atmosphere. 
a = period of admission in per cent of the stroke. 

The proportion of the adhesion weight, or driving weight of the engine, 
which measures the force of adhesion available as tractive force, is very 
variable: — from one-fifth in dry weather, according to the author's experi- 
ments on the adhesion of iron-t>Ted wheels upon iron rails, to one-ninth in 
damp weather, when the rails may be slippery. To keep within the limits 
of one-ninth in proportioning locomotives to their work, would implicitly 

1 Copied from «-m--^ -kl 1855; I»ge 1 16. 
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Table No. 178. — Effective Mean Pressures in the Cylinders 

OF Locomotives. 

Stroke = icx). Maximum effective pressure during admission = icx). 



Period of 
Admission. 


Effective Mean 
Pressure. 


Period of Admission 

in Fractions of 

the Stroke. 


Effective Mean 

Pressure, 

in Fractions. 


percent 
10 
"•5 

I7-S 
20 

»S 
30 

35 
40 

45 

50 

55 
60 

65 
70 

75 


percent 

15 
20 

24 
28 

32 

40 

46 

52 

57 
62 

67 
72 

77 
81 

85 
89 


i-ioth 
i-8th 

i-6th 
i-5th 
i-4th 

i-3d 
i-2d 

2-3ds 
3-4ths 


i-7th fully. 
i-5th. 

I -4th. 
i-3d. 
1-2. 5th. 

i-2d. 

2-3ds. 

4-5 ths. 
9-ioths. 



ensure the working of the engine in all states of weather; but a larger frac- 
tion may wisely be assumed for the purposes of general estimates, particu- 
larly as the aid of dry sand dropped on the rails may be invoked, when 
needful, for the augmentation of adhesive force. A fraction of from one- 
sixth to one-seventh may be adopted. 

The fraction one-sixth g^ves an adhesion of (2240-5-6 = ) 373 pounds 
per ton of weight. The fraction ^6.4 would give an adhesion of 350 pounds 
per ton — an easily-remembered number. Adopting this unit, the adhesions 
for different weights are as follows: — 

Adhesion, or Available Tractive Force, 
Weight as at the Rails, 

tons. pounds. 

10 3,500 

20 7,000 

30 10,500 

40 14,000 

50 17,500 

The resistances of locomotives and trains are of two kinds: — the frictional 
resistance to traction on a line of rails, and the resistance of gravitation on 
inclined planes on railways when they are ascended by the train. With 
respect to the resistance to traction, the author constructed a simple for- 
mula, deduced from the results of Sir Daniel Gooch's experiments, for the 
resistance on a level line of rails of the engine and tender with passenger 
trains:^ — 

* The resistance of engines and trains on railways is thoroughly investigated in Railway Ma^ 
ekimry^ 1855 ; page 291, &c 
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R = 8 + -^ (4) 

171 ^ ' 

V = the speed in miles per hour. 

R = the total resistance of the engine, tender, and train in pounds per ton. 

Rule 4. — To find the total resistance of the engine^ tender, and train^ at a 
given speed. Square the speed in miles per hour, divide it by 171, and add 
8 to the quotient. The sum is the total equivalent resistance as reduced to 
the rails in pounds per ton of the gross weight. 

Conditions under which the formula applies: — 

1. The permanent way in good order. 

2. The engine, tender, and train in good order; the train consisting of 
six-wheeled carriages lubricated with grease. 

3. A straight and level line of rails. 

4. Fair weather, and dry and clean rails. 

5. An average side wind, of average force, varying (during the experi- 
ments) from slight to very strong. 

The resistance may be considerably augmented by unfavourable cir- 
cumstances. By a combination of frequent curves, under one mile radius, 
with strong side and head winds, the resistance to traction may be raised 
50 per cent But the above formula (4) is commonly employed by 
engineers in calculations for estimating the resistance of trains and the 
power of locomotives. The annexed table, Na 179, gives the resistances 
per ton of engine, tender, and train, for various speeds and various gradients, 
based on formula (4), extracted from Railway Machinery^ page 31a 

It is worthy of special observation that the resistance of trains — adopting 
as a standard for comparison the current practice of trains in England — 
may be considerably modified by the way in which the train is placed on its 
wheels ; for instance, by placing the train on bogie-frames and wheels, and 
by lubrication of the train with oil instead of g^ase. The results of 
observations made by the author on the resistance of goods waggons,^ 
show an extraordinary range of resistance, varying from 7^ lbs. per ton of 
the train alone, and 13 lbs. including the engine, to 29 lbs. per ton of 
engine, tender, and train, at speeds under 30 miles per hour. Such 
extreme diversity was no doubt due to the comparative freedom and state 
of repair of the wagjgons, and of the way, the state of the lubrication, and 
the curves on the line. 

Again, in the working of two coal trains consisting of waggons having 
inside bearings, the following diverse results were obtained for the gross 
resistance of engine, tender, and train : — 

At II miles per hour 27 lbs. per ton. 

M 13 » n 18 lbs. „ 

The second train had only two- hUnce of the first; and 

the advantage was no doubt ' " Ae journals in 

>SttJ 
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Table No. 179. — Resistance of Passenger Engines and Trains on Railways. 



ASCBNOING GrAOIKNTS. 



Level 

I in 40.... 
I in 60.... 
I in 80.... 
I in IOC. 
I in 150 .. 
I in 200.. 
I in 250.. 
I in 300 . . 
I in 500.. 
I in 800 . . 
I in 1000 
Level 



Conditions 



J 



A good, sound road 
A straight road. 
An average side wind. 
Engine, tender, and train in good working 
order, with grease lubrication. 



Speed in Miles per Hour. 



10 



20 



30 



40 



SO 



60 



70 



Total Resistance in Pounds per Ton. Constant, 8 lbs. 



lbs. 

8.6 

64 
46 

36 

31 
24 
20 

18 
16 

13 
II 

II 

S.6 



lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


10.3 


13.2 


173 


22.6 


29 


66 


69 


73 


79 


85 


48 


50 


55 


60 


66 


38 


41 


45 


51 


57 


33 


36 


40 


45 


51 


26 


28 


32 


38 


44 


22 


25 


29 


34 


40 


20 


22 


26 


32 


38 


18 


21 


25 


30 


36 


15 


18 


22 


27 


33 


13 


16 


20 


25 


32 


12 


15 


19 


25 


30 


10.3 


13.2 


17.3 


22.6 


29 



lbs. 
36.6 

93 

74 

65 

59 

51 
48 

46 

44 

41 

39 

39 
36.6 



Note. — Fifty per cent of the resistance as on a level may be added for cases of frequent cxures, of or 
tinder one mile in radius, in connection with strong side and head winds. 

the bearings, in the second case, by which the wheels were free to adapt 
themselves without effort to the rails. In the first case, by the want of 
such play, the wheels were prevented from so adjusting themselves laterally 
without at the same time swaying the superincumbent loads. 

A g^eat practical improvement of the day, at least as far as English 
rolling stock is concerned, is the substitution of radial axles and axle-boxes, 
or of bogie-frames and wheels, for the rigid wheel-bases of rolling stock. 
The practice in the United States of the universal employment of bogies 
under the engines, tenders, carriages, and waggons, is well worthy of 
analysis. By means of the bogie the tractive resistance of engines and 
trains is notably less than that of a parallel-axled stock. 

A good means for judging of the comparative resistance of different 
forms of locomotives is to compare their performance on steep inclines, 
with which quick curves are usually associated. The results of the per- 
formance of a number of engines on inclines are given in table No. 180, 
abstracted partly from published statements, and partly from the obser- 
vations of the author. The performances are reduced, for the sake of a 
direct comparison, to equivalent performances as on the steepest incline 
on the list, namely, i in 27, on the Mauritius Railway: — 
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Table No. i8o.— 


Performance of 


Locomotives 


ON Steep Inclines. 










Gross 








Adhe- 


Weight 


Wd^ 


Weight 


Ascend' 


Equivalent Gross Weights 


Railway or Locality. 


sion- 


Engine 


Engine, 


^ "V 


or Loads, reduced for a 




weight. 


and 
Tender. 


TVain, 


Tender. 

and 
Train. 


Gnuuent 


Gradient of x tp 27. 




tons. 


tons. 


tons. 


tons. 




tons. 


I. Semmering Incline... 


37.5 


59 


130 


189 


I in 40 


135 = 
173 = ^^" 


' 3.6 times the ad- 
hesion-weight 


2. Do. do. 


46.5 


66 


175 


241 


I in 40 


3.72 do. 


3* Do. do. 


37 


564 


100 


156.4 


I in 40 


112 = 


.3.02 do. 


4. Great North of Scot-^ 














' 


land, bogie and - 


17.5 


43 


189 


232 


I in 75 


^°3=6 2. 


6.0 do. 


tender J 












V/.* • 




5. Do. do. do. ... 


17.5 


43 


144 


187 


I in 50 


112= 


^64 do. 


6. Great North of ScotO 
land, tank engine / 










• ^ 


123=52! 5-0 do- 


25 


25 


209 


234 


iin59 


7* Do. do. do. ... 


25 


25 


231 


256 


I in 59 


135 = f 54 do. 


8. Giovi Incline, two^ 














tank engines 


55 


55 


100 


155 


I in 29 


145 '= 2.6 do. 


coupled together ...J 














9. Mauritius Railway... 


48 


48 


ICO 


148 


I in 27 


148= 3.0 do. 


10. Santander Railway 


36 


45 


200 


245 


I in 50 


147= 4,0 do. 



It appears that the Semmering engines, having coupled parallel axles, 
take three times their adhesion-weight The Giovi engines, being two 
tank engines coupled together, take an equivalent little more than two and 
a half times their adhesion-weight. The Mauritius engines having coupled 
parallel axles, take three times their adhesion -weight. The Santander 
coupled engines with a leading bogie, take an equivalent of four times 
their adhesion-weight. The four-coupled-wheel tank engines of the Great 
North of Scotland Railway take up more than five times their adhesion- 
weight ; and the four-coupled goods engines, with a leading bogie, on the 
same line, take up an equivalent of more than six times their adhesion- 
weight A comparison of these equivalent performances clearly shows 
that the bogie engine is more efficient for available tractive power than 
the ordinary multi-coupled engine without bogies. The comparatively low 
performance of the Giovi engines is a consequence of the ordinary but 
defective mode of coupling two engines together, namely, a short central 
coupling with a great overhang from the wheel-base, which induces con- 
siderable leverage to bind the engines hard against the inner rail on curves. 
The advantage of the bogie is very directly shown by comparing the two 
Great North engines, of which the four-coupled-wheel tank engines weigh 
each 25 tons, all adhesion-weight; and they move an equivalent gross load, 
including their own weight, averaging 130 tons; whereas the bogie engine, 
with only iy}4 tons adhesion-weight, moves an equivalent gross load of 
1 10 tons. That is, with about two-thirds of adhesion-weight, the bogie 
engines take six-sevenths of the gross load taken by the tank engines. 

Locomotives on two independent trucks or bogies are constructed for 
lines of steep gradients and quick curve* International Exhibition 
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of 1862, designs of an "articulated tank locomotive of great power" were 
exhibited by Messrs. J. J. & A. Meyer of Vienna. The engine was placed 
on twelve wheels, 3 feet 10 inches in diameter, all coupled, framed in two 
groups of six, with four 17^-inch cylinders, of 19)^ inches stroke, one pair 
to each group. Each g^oup had a wheel-base of 8^ feet, and the centres 
of the bogies were 22 feet apart The whole weight, estimated at 60 tons, 
was available for adhesion. This design was an important contribution 
towards a satisfactory solution of the problem of maximum-power goods 
engines. The Fairlie engine, to be subsequently noticed, is a development 
of the conception of Messrs. Meyer. 



Chapter LXIL— FOUR-COUPLED EXPRESS PASSENGER 

LOCOMOTIVE, WITH TENDER. 

DESIGNED BY MR. SAMUEL W. JOHNSON, FOR THE MIDLAND RAILWAY. 

PLATE XV. 

(Cylinders (inside), 18 inches by 26 inches; coupled wheels, 6 feet 9 inches. Gauge of way, 

4 feet 8^ inches.) 

The general arrangement and design of this locomotive are shown in 
Plate XV. and figs. 853 to 857. The cylinders are inside, and slightly 
inclined downwards, towards the driving axle, with four-coupled wheels and 
two axles behind, and a four-wheel bogie at the front: all having inside 
bearings. The driving wheels with their axle — the crank axle — are placed 
in front of the fire-box; and the back coupled -wheels with their axle 
— a straight axle — behind the fire-box. The gauge of the rails is 4 feet 
Sji inches. 

Weight of Locomotive and Tender. 

Empty. In Full Working Order, 

tons. cwts. qrs. tons. cwts. qrs. 

Leading (bogie) wheels, 12 18 3 14 6 o 

Driving wheels, 13 18 2 14 11 2 

Trailing wheels, 11 13 3 12 16 o 

Total weight of engine, ... 38 11 o 41 13 2 

Weight of tender, 18 17 o 33 19 o 



Engine and tender, 57 8 o 75 12 2 

This engine, with others like it, may be taken as a development of the 
ordinary six-wheel, four-coupled inside-cylinder passenger engine, into an 
eight-wheel bogie-engine. The driving axle has been placed as near as 
possible to the firebox -shell, which is 21 inches from the centre of the 
axle: just sufficient to clear the cranks and the connecting-rods. The 
trailing axle also is placed as near as is practicable to the fire-box: it 
is 10 inches behind it, measuring from the centre-line of the axle. By 
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such disposition, according to which 
the driving axle is placed as far bsck, 
and the driving and trailing axles are 
brought as near together, as is practi- 
cable, equal distribution of weight on 
the tivo axles is substantially eflected, 
at the same time that provision is made 
for loading these axles with a suitable 
proportion of the gross weight of the 
engine. But, for securing this provision, 
the bogie is placed well in advance 
of tlie centre of gravity of the whole 
machine. For, the farther forward the 
bogie is placed, by the equation of mo- 
ments, the less is the proportion of load 
that falls to the bogie, and the greater 
is the load incumbent on the other 
axles. The bogie is, in fact, placed 
directly under the cylinders and smoke- 
box, its central pivot being 10 feet in 
advance of the driving axle, whilst this 
axle is 8J4 feet in advance of the trail- 
ing axle; making a wheel-base of i8>i 
feet from the centre of the bogie to 
the traiUng axle. The axles of the 
bogie are 6 feet apart between centres, 
and the total wheel-base upon which 
the engine is supported is equal to 
(3 feet+io feet-l-SJj fect = ) 2i^i feet. 
The result of this stable distribution of 
axles and wheels is that the loads on 
the bogie and the driving axle are 
substantially equal ; and that the weight 
at the trailing wheels is only a little 
less than that at the driving wheels. 
It is advantageous that some excess 
of weight should be on the driving 
wheels, which may thus to some ex- 
tent be spared the stress of slipping 
into tautness with the coupling-rods 
and trailing wheels. 

The position of the centre of gra- 
vity, horizontally, may be determined 
by the ordinary rule of the difl'erence 
of moments,' or of the products of 
' Sec Railtoay Maekitttry, page 1B9. 
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the leading and trailing weights by their respective distances from the 
driving axle. Thus, for the leading weight, the moment is (14.3 tonsx 
iofeet=) 143 foot-tons; for the trailing weight, the moment is (12.8 tonsx 
S.5 feet = ) 108.8 foot-tons; the difference of Uiese moments is 34.2 foot-tons, 
and the quotient of this difference by the total weight, 41.68 tons, is 




Fig. 855.— Midland LocomodYi : Fmnl Elenilioo. Sade i/jul. 

(34.2-r4i.68 = ) .82 foot, or gji inches, the distance horizontally by which 
the centre of gravity is in advance of the driving axle. 

Supposing, for the sake of comparison, that a single pair of leading 
wheels be substituted for the bogie, the axle would be placed behind the 
smoke-box, at a distance of, say, g inches from it, measured to the centre- 
line. The leading axle would then be S feet in advance of the driving axle; 
and the wheel-base, fixed, would be (S feet + S'j fect = ) \6}^ feet. The 
distribution of weight, in working order, not allowing for the small modi- 
fication introduced by the substitution, and si * Aat the central 
weight, or load at the crank axle, remains una e as follows: — 
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Leading wheels 14 

Driving do. 14 

Trailing do ra 



Showing that the leading 
weight would be augmented 
by 6 cwts. and the trailing 
weight would be diminished 
by 6 cwts., making a final 
preponderance of 2 tons 
2 cwts. at the leading axle, 
over the weight at the trail- 
ing axle. The distribution 
of weight as it stands, with 
the bogie, is the better.' 

In addition to the ad- 
vantageous distribution of 
weight effected by the con- 
veniently placed b{^e, there 
is of course the practical 
advantage of a wheel-base 
partly flexible, of which the 
rigid portion is only 8)4 feet 
in length, against J6j4 feet 
with the single leading axle. - 

The gun-metal used in 
the construction of the en- 
gine, is composed of 5 parts 
of copper and i part of tin. 
White-metal is composed of 
16 parts of tin, 2 parts of 
antimony, and i J^ parts of 
copper. 

The class of engine 
herein noticed is mainly 
employed to work the 



41 13 2 




« 





. Salt iliti. 



' Let j;=the weigh! at [he leading axle; 
f— do. do, trailing do. 
mometit of the weight x relative to the centre of giavii; is jrx 7. iS feel; that of the weight j* 
xg.yt feet; and that of the ccntisl weight is (14.58 tonsx .Sa fool = ) I1.9S Ibot-toos. The 
ne side of the centre of gravity balance those on the other; and, 7.18 47 = 9.33^ -I- 11.95; 
and, by reduction, :[=i.3^-m.66. 

But j;+^ = 4t.68 tons- 14.58 tons central weight = 37.lo tons; and x=2'j.lo-y. Equaling 
thendnet of J, 

i.3j'+i.66=17.io-j'; 
•ad, by transposllioD and reduction, _>'=>3.5 tons, or 13 torn 10 cwts., and jr=(37.io- 11.5 = ) 
14.6 ton*, or 14 torn I a cwt*. : the valuet given In the text. 
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passenger traffic of the Leicester and Manchester, and the Settle and 
Carlisle sections of the Midland Railway. The normal work of the engine 
is to take 14 or 15 carriages — a load of 150 tons — up inclines of i in 100, 
at a speed of 35 miles per hour. The averaged time-bill speeds of the 
train are from 35 to 42 miles per hour, over inclines varying from l in 90 
to I in 100 and I in 124, and so on; of from S miles to 15 miles in length; 




Fig. B;;.— Midland Locomodn: End Elenlira (t (he Fi 



End. Sole i/33d. 



and from 48 to 53 miles per hour over level lines and falling gradients. 
The usual rate of consumption of coal, ordinary Derbyshire, is from 26 to 
30 pounds per mile. From 7 pounds to 8 pounds of water is evaporated 
per pound of coal. 

The frame of the locomotive, which supports the boiler and the engine 
proper, is itself supported on the wheels and axles, with intermediate 
springs. The load is supported at five points: — the four bearings on the 
driving and trailing axles, and the central pivot bearing at the fore end, 
which is supported by the four wheels of the bogie. The placing of the 
front load on a central bearing, facilitates the yielding of the bogie to small 
inequalities of the way, whilst the mass of the engine is not affected by 
them. This fact, in conjunction with the swivelling play of the bogie to curves 
of the way, explain the efficiency an** •'*"' 'wpularity of this member. 



^^^^jraifSow 
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The frame consists of two parallel longitudinal or side plates of York- 
shire iron, I inch thick, 28 feet i inch in length; and five transverse plates. 
The sidi; plates have all bolt-holes and rivet-holes marked from one 
template, and drilled and rimered to the exact sizes. The side plates are 
l6j^ inches deep in the body, between the cylinders and the driving axle. 
At the cylinders, each plate is enlarged to 2 feet /J^ inches deep, to take 
not only the cylinder-flanges, but also the ends of the horizontal transverse 
frame-plate that receives the bogie-pivot, at the lower side; and the 
junction-laps of the smoke-box at the upper side. In advance of the 
cylinders, it is cut away to clear the forward bogie-wheels, and is reduced 
to 1 1 '^ inches deep over these, and to S}4 inches further forward. But it 
is deepened to 155/16 inches at the front ends, when it is joined to the 
transverse buffer-plate. This overhung part of the frame-plate is stiffened 
by an extra %-inch plate riveted to it. Between the driving and the trail- 
ing axle-guards, it is iS^ inches deep, and at the end of the foot-plate 
155/16 inches. Above the openings made for the axle-boxes, the frame- 
plates are 18 inches deep. The frame-plates, horizontally, are not straight 
from end to end; but are set with a small ogee bend just behind the 
motion-plate. They are 4 feet i i4 inches apart at the driving axle, and 
at the cylinders 3 feet ii^ inches. 

The back ends of the side frame-plates are 4 feet 4 inches from the 
centre of the trailing axle ; and the fore ends are 5 feet 3 inches in advance 
of the bogie-pivot 

Of the transverse frame-plates, the end plates are each i J^ inches thick. 
The front plate, or buffer beam, is 15 inches deep; the back one is 
155/16 inches deep; and they are 7 feet 5 inches long. They are riveted to 
the longitudinal plates with 3j^-inch angle-irons, except that the stiffening 
plates at the front ends of the longitudinals or side plates are flanged to 
take the end plates. The front plate is also bound to each side plate by 
a gusset-plate. 

The next transverse plate, behind the cylinders, is the motion - plate, 
fiS- 85S, ^ inch thick, 27 inches deep. It is united to the longitudinal or 
side plates by a 3j^-inch angle-iron, which 
is riveted to it on the back side along the 
top and down the ends, and by a piece of 
3J^-inch angle-iron at each end, on the 
front side of the plate. Thus, the motion- 
plate is fastened to each side plate with 
two angle-irons. These are each riveted 
to the side plates with five ^-inch rivets, "" 

countersunk at the outer side; and to the motion-plate with four ^-inch 

I rivets. The motion-plate is slotted and drilled out for the guide-bars 
and connecting-rods, and valve-spindles, 

I Then follows a J^-inch transverse plate, in front of the fire-box, 

k 10}i inches deep, joined to the side plates with two 3-inch angle-irons at 

I eachei 




each end. Lastly, of the intermediate plates, there is the draw-plate at s 



I 
V 
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distance behind the fire-box, ^ inch thick, 155/16 inches deep. It forms 
with the back end-plate and the side plates, a draw chamber: these four 
members being united by two four-sided frames of 3j^-inch angle-iron, one 
at the top and the other at the bottom. Two horizontal draw-plates are 
fitted into the rectangular space thus formed, and riveted to the two angle- 
iron frames, forming a chamber of 5^ inches clear depth, between the 
plates, in which the draw-link and two side links take their bearing on the 
2^-inch draw-pin and the two i^-inch side pins. 

There is, in addition, the transverse horizontal plate, of Yorkshire iron, 
I % inches thick, 28 inches wide between the side frame-plates, just below 
the cylinders; closely fitting to these, dished and flanged and planed to 
fit the side plates, to which they are fastened with five turned bolts and nuts 
at each side. It directly bears upon the bogie-pivot, which is bolted to it 
Each end of the plate is fortified by an extra plate riveted to it, fitted to 
the side of the bogie-pivot, and finished so as just to clear the spring 
shackles of the bogie, which are beneath it 

Overhung lateral framing is provided for supporting the foot-plates. 
Two longitudinal angle-irons, 4j5^ inches deep, 2^ inches wide, and ^ inch 
thick, are fixed, one at each side, parallel to the main frame-plates, from 
end plate to end plate, to join which they are flanged at the ends. 
They are also each supported from the side plate by an intermediate 
bracket, at the cylinders, and a square cast-iron sand-box, at the motion- 
plate. They are also fortified by a j5^-inch gusset-plate at each end, by 
which they are bound to the main frame-plate and the buffer-beam. The 
platform is of wrought iron, 5/i6 inch thick over the front, two sides, and 
back of the framing; joined to the side plates with 3-inch angle-iron and 
^-inch rivets at 5 ^ inches of pitch. It measures 7 feet 7 inches of ex- 
treme width : overhanging each side frame-plate to the extent of 20^ inches. 
The cross-plate at the front, fitting the curved outline of the main frame- 
plates, is J6 inch thick ; and the level plate at the front of the smoke-box 
is I4 inch thick. The top of the frame under the platform is 4 feet 2 inches 
high above the level of the rails. 

The steps at each side of the platform are welded to and dependent 
from the outer frame-bars, and the extreme width over the steps is 8 feet 
2)^ inches. 

The bogie consists of a swivel-frame, on four wheels and two axles, wnth 
bearing springs, and horizontal springs for restoring the pivot to the centre- 
line of the engine, after being deflected on curves. The axles are at a 
distance of 6 feet from centre to centre, and they are equally distant from 
the central pivot The frame is of the same qualit}' of iron as the framing 
of the engine. It consists mainly of t\\x> side longitudinal plates i Sg inches 
thick, 13 inches deep at the centre, yl% inches deep abox-e the axle-boxes. 
They arc 2 feet 7-^4 inches apart, and are united by tvvo transverse angle- 
irons, 6 inches by 6 inches by i inch thick, 10 inches apart, back to back; 
kneed at each end to join the side plates, for a length of 23 inches, and 
riveted to it The angle-irons are slotted or planed at the ends to the exact 
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length, and the transverse parts are planed on both 
vertical. The extreme ends of the frame-plates bejl^^.^^rf-'tfre axle-guards, 
are stayed together transversely with a 2-inch rod at each end, formed with 
a 6^-inch circular flange at each end, forged on. The flanges are riveted 
to the frame-plates, and the ends of the stay-bolt project through the plate, 
and are riveted over. A steel plate, to take the load, 6 inches wide, i inch 
thick, is riveted on the top of each angle-iron, at the centre. These plates 
are planed and scraped to give a good working surface. They are supple- 
mented by two transverse ^-inch iron plates, inserted as stay-plates, and 
riveted to the angle-irons. The space between the angle-irons is occupied 
by a socket-casting, which is planed to slide between the angle-irons, and 
is permitted to have 2 inches of lateral play on each side of the central 
position. This casting is formed with a disc at the upper side, which is 
planed to rest on and work over the steel-bearing plates. These plates have 
oil grooves for lubrication by syphons. The disc is 25 inches in diameter, 
and is flanged at the circumference to a diameter of 22 inches inside. It 
is bored out vertically to a diameter oi 7}i inches, to receive the pivot. The 
pivot is of cast iron, turned to 7J^ inches in diameter, and 12^ inches high. 
It is formed with a disc at the upper part, 22 inches in diameter, which 
takes a bearing on a brass liner plate of the same diameter, i % inches thick, 
interposed between the upper and lower discs. The upper disc is bolted to 
the transverse wrought-iron plate, beneath the cylinders, already described 
as part of the engine frame, with six i J^-inch bolts. It projects into the 
plate at the centre, and takes a bearing upon it by a circular flange with 
which it is bordered. A central 2j^-inch safety-pin is let down through 
the pivot, and fitted with a washer 12 inches by 13 inches, i}^ inches thick, 
loosely sustained by a nut and cotter. 

The load is transmitted through two inverted springs, one next each 
frame-plate, which take the weight each on the central buckle. The ends 
of the springs are in links, pinned to the cradles at 3J^-feet centres. The 
cradles, in which the springs are lodged, are of wrought iron. They are 
5]^ inches deep at the centre, '5/i6 inch thick. Bosses are forged on for 
the spink-links and pins, and each end is forged solid and welded to the 
cradle-bars. The solid ends are drilled and tapped to receive an adjustable 
spring-pillar with a lock-nut, which takes its bearing direct on the axle- 
box. Each spring takes the load on the central buckle through a 2^-inch 
pin, which has a bearing 4 inches long in the buckle, and is fastened to 
the frame-plate by a nut. In the event of the failure of this connection, 
the load comes direct on the upper face of the buckle, incurring a fall of 
only yi inch. 

The restoring springs for guiding the bogie into the right line, on 
leaving curves, are lodged horizontally between the transverse angle-irons. 
They each consist of a helical spring on Timmis' system, 4j^ inches in 
diameter, and a Spencer cone-spring of prepared india-rubber, end to end, 
on one horizontal pin screwed into the side frame-plate. The springs are, 
when fixed, under a compressive stress of 30 cwts. 
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The axles of die bogie are 5^ inches in diameter in the body, and 
6yi inches at the wheel-seat The journals are 5^4. inches in diameter, 
9 inches long, and 3 feet 7 inches apart between centres The collars of 
the journals are 7 inches in diameter. 

The shell of the boiler, and all other iron used in its construction, are of 
Yorkshire iron. The barrel is of >^-inch plates^ and is 10^ feet long 
" between plates" — ^that is to say, between the smoke-box and the firebox- 
shell. It is in three rings of plates, one plate for each ring, lapped tde- 
scopically, 4 feet 3 inches in diameter outside at the end next the fire-box, 
and 4 feet i inch next the smoke -box. The firebox -shell is 5 feet 
1 1 inches long outside, 4 feet }i inch wide at the bottom, 5 feet i }i inches 
deep below the centre-line of die barrel, at the front; sloped 7 inches 
upwards towards the back, and measuring 4 feet 6^ inches deep at the 
back. The upper part is semicircular to a radius of 2 feet 2 inches, over- 
lapping the barrel — ^flush-topped, as it is called. There are one top-plate 
and two side-plates. The plates are yi inch thick, except die smoke-box 
tube-plate, which is ^ inch thick, and the front plate of die firebox-shell, 
which is 9/i5 inch thick. 

The transverse joints of the barrel and the firebox -shell are single- 
riveted, except at the seam joining these members, which is double-riveted. 
The longitudinal seams are butt-jointed, with outside and inside welts or 
butt-strips, double- riveted. The rivets are '3/16 inch in diameter, and 
pitched at I ^ inches apart — ^in a direct line for single-riveting, and zigzag 
for double-riveting. The two lines of rivets in double -riveting, taken 
parallel to the direction of the seam, are i % inches apart, and the longi- 
tudinal pitch is 2% inches. The lap for single-riveting is 2>^ inches; for 
double-riveting it is 3^ inches. The welts or covering-pieces are twice 
as wide, or 7>4 inches. The distance of the centres of the rivets from the 
edges of the plates and the welts is therefore i % inches for both single and 
double riveting. The rivet-holes are very slightly countersunk at both 
sides; and the rivets are closed with cup-heads, i]^ inches in diameter. 
The riveting is done by steam pressure. Rivets are made to completely 
fill the holes. The holes are so punched that when the plates are brought 
together, the smaller diameters of the holes meet Holes which do not 
exactly meet are rimered out Holes in angle-irons are marked off from 
the plates and drilled. The edges of all plates are planed. Any caulking 
required is done with a broad-faced fuller. Before being lagged the boiler 
is tested to a pressure of 200 lbs. per square inch with water, and afterwards 
to a pressure of 150 lbs. in steam. It receives a coat of boiled oil while hot 

The bursting strength of the double-riveted longitudinal joints is 
4.4 times the working pressure. The ultimate strength of single-riveted 
joints is 56.6 per cent of that of the entire plate; that of double-riveted 
joints is 70.9 per cent 

The steam-dome is of ^-inch plate, 23 inches in diameter outside, 
2 feet high, and welded at the seam. It is placed on the middle ring of 
plates of the barrel, to which it is joined with a flange worked on the lower 
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end, 3 inches wide. A butt-strip of j4-inch plate, T% inches wide, is 
weidcd to the flange at the front and the back, covering the seam of the 
barrcl-plate, which is welded at the seam. The circular opening through the 
barrel-plate into the dome is igj^ inches in diameter, and is strengthened 
by a j^-inch "thickening plate" or flat ring, 4^ inches wide, applied at 
the inside, with two butt-strips welded to it, to match the dome-strips on 
the upper side. The three plates are riveted together by 42 rivets in 
single-riveting through tlie ring and circular flange, and double-riveting, as 
usual, for the butt-strips. The upper part of the dome falls in slightly. 
and is flanged inwards, leaving an opening 15 inches in diameter to form 
a seat for the cover carrying two safety- valves. The flanges of the dome 
and cover are faced to make a steam-tight joint. 

The barrel is joined to the smoke-box tube-plate by an angle-Iron ring, 
4VJ inches by 3^ inches, bored, faced and turned on the edges; % inch 
thick near the angle, tapering to ^ inch at each edge; double-riveted to 
the barrel, single-riveted to the tube-plate. The back plate of the firebox- 
shell is flanged to a 2j^-inch radius, and is single-riveted to the side and 
lup plates. 

A manhole, 14 inches by 12 inches, is cut in the top of the firebox- 
shell. It is strengthened by an imposed ring riveted to the plate, and 
closed with a cover-plate of i^^-inch iron, faced to make a steam-tight 
joint, with 15 i-inch stud-bolts and nuts. 

The upper part of the back plate of the firebox-shell is stayed by four 
gUMet or plate stays, ^^ inch thick, riveted by angle-irons to the back 
and top plates. The upper part of the smoke-box tube-plate is stiflened 
by transverse angle-irons riveted to it. 

The smoke-box is of BB Staffordshire iron plates. It is 2 feet 
77i',6 inches long, and is formed at the upper part to a radius of 2 feet 
1% inches inside. The lower ends of the sides are riveted to the side 
frame-plates; and so, with the cylinders, complete the inclosure of the 
smoke-box. The covering plate is riveted to the tube-plate, which is 
flanged to receive it, lapped 2 inches, with |t^-inch rivets, countersunk, at the 
outside, and filed smooth, at 3 inches of pitch. The front and side plates 
are united with 2j-:-inch angle-iron and countersunk rivets of the same 
diameter and pitch. The space on the top of the cylinders is filled in with 
broken fire-bricks and fire-clay. 

The centre-line of tlie barrel of the boiler is 7 feet 2 inches above the 
level of the rails. 

The chimney is of 3/,6-inch plate. BB Staffordshire iron or Yorkshire 
iron. It has a liner 16^ inches in diameter inside. 2 feet 5 J4 inches long, 
which projects 3J^ inches into the smoke-box. The base is of Yorkshire 
iron or of malleable cast iron. The chimney is topped by an ornamental 
casting of J^-inch metal. The height of the chimney above the smoke- 
box is 3 feet 4 inches, and the total height above the rails is 13 feet, 

The ash-pan, fitted to the bottom of the firebox -shell, is of 5/,6-iacb 
plates, joined with 2>^-inch angle-iron, and >^-inch rivets at 4 inches pitdL 
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It has a horizontal floor, and is i05/z6 inches deep outside at the front end, 
i5'3/i6 inches at the back. The front is fitted with a movable door, 
worked from the foot-plate ; also a small dopr at the back, for the purpose 
of clearing out the ash-pan. 

The fire-box is of copper; the roof and sides being one plate. The 
stay-bolts and rivets are made from soft-rolled copper bars. Both plates 
and bars support a test of being doubled cold without making any sign of 
cracking. The fire-box is of J^-inch plates, except the tube-plate at the 
tubes, where it is '3/i6 inch thick. It is 5 feet 9/i6 inch long at the top 
inside, and 5 feet 2^3/16 inches at the bottom; the breadth at the bottom 
is 3 feet 4}4 inches; the height at the front end is 5 feet ii}i inches, and 
at the back 5 feet 4}^ inches. The height above the fire-grate at the 
middle is 5 feet 2j^ inches. The water-spaces are 3 inches wide at the 
bottom ; at the back the space widens upwards to 4 inches. The seams 
are single-riveted, with 13/16-inch rivets at i^ inches pitch, on 2j^ inches 
of lap. The stay-bolts are ^ inch in diameter, screwed with eleven threads 
per inch; screwed tightly into the fire-box plates and shell plates, and 
riveted over at the ends. The thread of the screw is reduced at the por- 
tion of the stay between the plates. The tube-plate is also stayed by 
seven palm stays riveted to the lower half of the barrel. There are eight 
roof-stays of wrought iron, 2 inches thick, arranged in four pairs, of which 
the two middle pairs are 7 inches deep, and the outer pairs are 5 }4 inches 
deep. The stays of each pair are 2}i inches apart, and the lower surfaces 
of the stays are i }i inches clear of the roof-plate. Each stay is fitted at 
the ends to take a bearing on the fire-box, and is fastened to the roof-plates 
with thirteen i-inch screws, let through the roof-plate and screwed into 
the stay. Each pair of stays is slung from two T-irons riveted to the 
firebox-shell, with 1 5^-inch pins. 

The fire-box is fastened to the shell by a " foundation-ring," consisting 
of a 3-inch square bar of wrought iron, inserted between the plates, and 
fastened with a line of single-rivets. 

The fire-doorway is 15 inches wide and 12 inches high; and it is made 
with a wrought -iron ring 3 inches thick, inserted between the plates, 
fastened with a line of single-rivets. 

The boiler is supported on the frame by two wrought -iron brackets, 
2 feet 10^^ inches long, riveted to the firebox-shell, which bear for their 
whole length on the side frame-plates. The brackets are secured by clips 
from the frame, but are free to slide horizontally according to the expansion 
and contraction of the boiler, which extends to 5 16 inch longitudinally. 
The boiler is, on the contrar}% riveted fast to the frame-plates at the 
cylinders, through the smoke-box, as already stated. 

The fire-bars are of cast iron, in two lengths, 2 feet 6}^ inches long, 
supported on transverse wrought-iron bearers. They are }{ inch thick at 
the upper edge, with 9 16-inch air-spaces; 4^4 inches deep at the middle, 
tapered in thickness to ^ inch at the lowe*" They are loose-fitted 

on the bearers and at the ends, to allow ^ 
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A fire-brick arch, 4j^ inches thick, 27 inches long, is constructed within 
the fire-box. with a rise of 2]4 inches, abutting on the fire-box at each side. 
It starts from the tube-plate, just clear of the lowest row of flue-tubes, and 
is inclined upwards longitudinally, so that its lower side at the crown 
ranges with the top of the fire-doonvay. In the doorway and projecting 
into the fire-box a baffle-plate of sheet iron, 2<)% inches long, is placed, 
inclined downwards towards the arch, with a dip of i J4 inches below the 
range-line of the crown of the arch, leaving a free space of lij^ inches 
between the arch and the baffle-plate for the course of the draught. 

The firehole-door, figs. 859, is of cast iron, in two parts, upper and 
lower, of which the upper part is hinged to side frames, just above the door- 
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way, and opening upwards ; and the lower is hinged just below the doorway, 
and opening downwards. When they are both closed the glare of the fire 
is completely intercepted. The upper part is formed with louvre blinds, 
through which air may enter from above, whilst the fire is invisible, the 
supply through the louvres being regulated by a covering flap hinged to the 
frame. The upper part of the door, carrying the flap with it, may be lifted 
and opened to any required extent, and kept in position by a catch; or it 
may be thrown right up out of the way, and kept up by another catch, 
whilst the lower part is let down, in order to open the doorway clear for 
the stoker. 

Four gun-metal wash-out screw plugs, i J^ inches in diameter, are placed 
at the smoke-box end of the boiler, and eleven plugs on the firebox -shell. 
One wash-out doorway is cut through the foundation -ring at the front, 
\yi inches by 2j^ inches, countersunk at the top and the bottom, to admit 
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the clearing rod at a low angle; closed by a wrought-irc 
thick, and two i-inch stud-bolts and nuts. 

The flue-tubes are composed of 70 parts of copper, and 30 parts of 
Silesian spelter, and are solid-drawn. They are 205 in number, 10 feet 
109/ 16 inches long between plates, i ^ inches 
in diameter, except for a length of 3 inches 
at the smoke-box end, where they are 
I ^ inches in diameter. The thickness is 
No. 1 1 B.W.G. at the fire-box, and No. 13 
at the smoke-box. They are arranged in 
fifteen horizontal rows, and are at 27/i$ 
inches pitch at the fire-box tube-plate, 
making "/16 inch of clearance between 
them. They are not horizontal, but they 
rise towards the smoke-box, insomuch that the upper row of tubes is 2*/^ 
inches higher at the smoke-box than at the fire-box, and they are pitched 
at 29/16 inches. They are fixed into the fire-box tube-plate, fig. S60, 
with steel ferules l}i inches long, fully 3/3, inch thick, is/i6 inches in dia- 
meter inside, at the front ; tapered 
on the outside at the rate of i in 48, 
a tight driving fit ; and i in 40 in- 
side. At the smoke-box end the 
tubes project ^ inch through the 
tube-plate, and are expanded. 

The dome-cover, figs. S6l, is of 
gun-metal, ^ inch thick. It is 
fastened to the dome with twenty 
1-inch stud-bolts and nuts. It is 
formed with seats 3 inches deep for 
two gun-metal safety-valves, 37/16 
inches in diameter, the seating of 
which is only '/,6 inch wide. The 
valves are three-leaved, and are 
formed each with an inverted conical 
hollow on the upper side, in the 
bottom of which a pointed steel 
strut, }^ inch in diameter, takes a 
bearing. The upper end of the 
strut takes the lever of a Salter's 
spring-balance, graduated to 200 
lbs. per square inch, for 16-ounce balances. Each lever is of iron ^ inch 
thick, l^ inches deep at the safety-valve. The fulcrum of each lever is a 
knife-edge bearing fixed at one side of the cover. The fulcrum end of each 
lever is case-hardened. The strut-bearing on each safety-valve Is 3 inches 
from the fulcrum, and the length of the lever from the fulcrum to the 
spring-balance is 2$}i inches, making a leverage of 8.46 to i. 
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One 2-inch direct-action safety-valve is fixed on the manhole-cover. It 
is loaded with a helical spring of 7/,6-inch round steel, 3 inches in diameter 
outside, to blow off at a pressure of 145 lbs. per square inch. 

The steam-pipe inside the boiler is of copper, solid-drawn, 4 inches in 
diameter, No. 7 B.W.G, in thickness. It is enlarged to 5 inches in diameter 
at the smoke-box, and 
terminated with a brass 
flange. It is fixed to 
the tube-plate with a 
steel ferule, turned and 
made a tight fit. On 
the inner end of the pipe 
a brass cone is brazed. 
It is secured to the regu- 
lator casting by means 
of a wrought-iron clip 
and two bolts. At the 
outer end the steam- 
pipe is joined to a cast- 
ironelbow in the smoke- 
box, from which the 
steam is conducted by 
one 4-inch copper pipe, 
No. 7 H.W.G. in thick 
ness, to a junction-pipe 
cast on one of the cylin- 
ders, and thence to the 
valvc-chesL 

The regulator, figs. 
862, is a 4-inch cast- 
iron pipe, l4i inch thick, 
joined to the longitu- 
dinal copper pipe, as 
already described. It 
rises to the top of the 
dome, and it is sup- 
ported by two flanges 
cast on it. which rest on 
and are bolted to angle-irons riveted to the inside of the dome. It 
terminates in a vertical face having two steam-ports 1 J^ inches by 6 inches. 
A flat gun-metal valve, 1 inch thick, slides vertically on this face, and a flat 
cast-iron valve slides on the back of the brass valve These valves are both 
moved by the same connecting link, but the pinhole for the brass valve is 
made oblong, in order that the cast-iron valve may be shifted while yet the 
brass valve remains at rest, and that steam may be admitted gradually into 
the pipe. For this object, when the lever is moved, steam is first admitted 
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through two small ports, J^ inch by 3 inches each, in the outer valve, into 
and through two corresponding ports in the brass valve ; and on a further 
movement of the lever, both valves are raised simultaneously, and then the 
large ports are opened for a full supply of steam. That the valves may lie 
closely to the pipe-face, the brass valve slides in dovetail guides on the 
pipe-face, and the cast-iron valve slides in dovetail guides on the back of 
the brass valve. The valves are further secured in place by a flat steel 
spring bearing on the back of the cast-iron valve. The valves are moved 
by a 2j^-inch arm on the end of a ij^-inch rod, which takes a bearing in 
the lower end of the cast-iron pipe, and is extended through a stuffing-box 
on the back of the firebox-shell, where it is commanded by a handle of 
18 inches radius. All levers, pins, and rods within the boiler are made to 
an easy fit 

The working pressure of steam in the boiler is 140 lbs. per square inch. 

The normal water-level in the boiler, at half the height of the gauge- 
glass, is 4^2 inches above the crown of the fire-box. The water-room in 
the boiler is about 114 cubic feet; the steam-room is about 38 cubic feet; 
together, 152 cubic feet of capacity. 

The cylinders are of close-grained tough cold-blast iron, 18 inches in 
diameter, with a stroke of 26 inches. They are placed between the longitu- 
dinal frame-plates, at a distance apart of 2 feet 4 inches between the centre- 
lines. The slide-valves, one for each cylinder, are housed vertically between 
the cylinders, on the vertical valve-faces of which they slide, worked by the 
ordinary link-motion direct from the crank-axle. The spindles are only 
3J^ inches apart between centres. To make room for the cylinders the 
inner side of each longitudinal frame-plate is scooped out for about }( inch 
in depth. The steam-ports are 1^ inches long by 15^ inches broad, 
rounded at the sides; the exhaust-port is 3j^ inches wide; the bridges or 
bars are i inch thick, and the working face or valve-face is 1 1 J^ inches long. 
The sectional area of the steam-port is 20.6 square inches, or about '/lath of 
the area of the piston ; the exhaust-port is '/j.y part of the piston-area. The 
cylinders are bored out to a thickness of 'S/,6 inch, and are slightly ex- 
panded or bell-mouthed at the ends. They are in two castings, united by 
i^-inch flanges and twenty-nine i-inch bolts and nuts at about 3 inches 
of pitch. The flanges at the lower side are double-bolted — tlie bolts being 
placed zigzag — for the sake of greater strength to take the front load. The 
metal of the valve-chest so formed up between the cylinders, is 1 inch 
thick, and the two valve-faces are $j^ inches apart. The cylinders are 
each fastened to the side frame-plates with i^-inch flanges, and twelve 
l-inch bolts and nuts, — six in the upper flange and six in the lower. The 
end flanges are i inch thick, to take the covers, of which the front cover 
is }i inch thick, and is fastened with twelve ^s-inch stud-bolts and nuts; 
and the back cover is ij^ inches thick, fastened with six i-inch stud-bolts 
and nuts. The back flange of the cylinder is bolted to the smoke-box 
tube-plate with eight ^-inch bolts and nuts. All joints and surfaces are 
planed, or turned and scraped to true surf; «ke steam-tight joints. 
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The exhaust-pipe or blast-pipe is of cast iron, ^ inch thick. It is oval 
at the junction witli the cyUnders, gj^ inches hy ilj4 inches, and tapers 
upwards, finishing with a brass nozzle 4fs inches in diameter, terminating 
at a level of about i^ inches above the tubes, or 13H inches below the 
entrance of the chimney. The nozzle is cast with an annular channel round 
it, into whicli steam is admitted, and from which it escapes through sixteen 
small holes, to excite a draught in the chimney, when required for drawing 
up the fire, or keeping it up, and for the prevention of smoke when the blast 
is off the fire. Of the sixteen holes, eight are '/,6 inch in diameter, alter- 
nating with eight ^-inch holes. 

One of Roscoe's No. 3 lubricators is placed on the left-hand side of the 
smoke-box, and screwed into a boss on the side of the steam-pipe. One 
of Fumess's lubricators is connected to each cylinder by a copper pipe and 
union, protected by a cast-iron shield. Water-cocks are provided for 
draining the valve-chest and each end of the cylinders, worked from the 
foot-plate. The piston-rod glands are made in halves, to admit of the 
piston-rods being drawn out. The under parts of the cylinders are lagged 
with wood. 

The pistons, figs. 863, are of tough cast iron, made from cylinder-metal, 
each in one piece. They are 3^ inches thick at the rim, but are reduced in 
the web betiveen the 
nave and the rim to a 
thickness tapering from 
I^ inches at the nave 
to i^a inches at the 
rim. The diameter 
is '/3a inch less than 
that of the cylinder. 
There are two packing- 
ringsof cast iron in each 
piston, >4 inch wide and 
>t inch thick. They 
are turned at the edges 
and the outside, J^ inch 
larger in diameter than 
the cylinder; then cut 
slantingly, and sprung into their places. A helical spring is inserted in 
the body of the piston, at the lower side, in order to relieve the gland of 
the weight of the piston. 

The piston-rods are of miid crucible cast steel, well annealed, 2-)^ inches 
in diameter, or '/e.Ss part of the diameter of the cylinder. Each rod fits 
conically into the piston, tapering from $% inches to 25^ inches. It is 
screwed and fastened by a nut 2 inches thick, which is secured by a J^-inch 
gagging screw. The other end of the piston-rod, figs. 863, is enlarged, in 
order to provide equivalent area for the reduction of section at the cotter- 
hole. The conical head is 5^ inches long, tapered from 3>i inches to 
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3'/i6 inches in diameter, driven into the crosshead, and fixed there by a 
cotter g% inches long, J4 inch thick, tapering in breadth from 2}4 inches 
to 2 inches, rounded at the edges; secured by a small split cotter through 
the smaller end. 

The crosshead, figs. 864, is of cast steel It is 6% inches in diameter at 
the cotter-hole. The gudgeon or pin is of crucible cast-steel, of the same 
quality as the material of the piston-rod. It is 3 inches in diameter at the 
journal, and y/i6 inches in the jaws of the crosshead, which are i ^j,6 inches 
thick and 2^ inches apart It is forced into the crosshead by hydraulic 
pressure. The slide-blocks are of chilled cast iron, 10 inches long, 3^ inches 

wide, let on the 

~\ ?^ F^ t^ l /? projecting ends of 

J^ zzi^/i ^ ' "X K^ ^^-^ the gudgeon, which 

are 2 inches in 
diameter. 

There are two 
pairs of guide-bars, 
figs. 864, to each 
cylinder, 3 feet 
10^ inches long. 
Theyare 2^ inches 
wide, 2 inches thick, 
3 % inches apart 
vertically, and 6^ 
inches apart hori- 
zontally. They axe 
fastened each pair by one i '/16-inch bolt and nut to the cylinder-cover at 
one end, and to blocks bolted to the motion-plate at the other end. 

The connecting-rods, figs. 865, are of iron, forged in one length without 
welding. They are 6 feet 2^ inches long, or $^ times the length of the 
crank. The body is rectangular in section, tapering from 4}i inches by 
ij^ inches thick at the crank-end, to 3 inches by 2 inches thick at the 
crosshead -end. The peculiarity is that the thickness tapers from the 
small end towards the laige end. The bearings are 3 inches in diameter, 
2^ inches long for the crosshead, and 7 inches by 3^ inches for the crank. 
The crosshead-end consists of a butt and a strap, of which the ends of the 
strap are wedge form, let into the butt, and are also secured by a i-inch bolt 
and nut. The head of the bolt and the nut are each % inch thick, and the 
nut is secured by a round split-pin through the end of the bolt The screw 
has 1 1 threads per inch. The butt is 3^ inches wide, and the limbs of the 
strap are 2 inches thick, and reduced to i }i inches thick at the brasses, 
where they are clear of the cotters. The brasses are of the same width as 
the butt, so allowing ^ inch of metal above and below; and there is 
J^ inch of metal at each side. The brasses are square at each side, and 
without flanges. They are 2^ inches long to fit the journal, being j4 inch 
more in length than the thickness of the butt, making '/16 inch clearance 
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at each end. They are fastened by a steel bearing-piece, ^ inch thick, 
and a cotter ii^ inches long. 5^ inch thick, 2}i inches wide at the upper 
end, tapered to Ij^ inches at the lower end, rounded at the edges. The 
taper is at the rate of about i in i6, and the incline is entirely on the side 
next the brass. The cotter is secured by two >i-inch steel set-screws 
through one side of the butt Between this, the driving cotter, and the 
bolt already mentioned, a large permanent cotter is driven, to bring the 
strap home to the wedge joint This cotter is n inches long, J-^ inch 
thick, 3)^ inches wide at the top, tapered to 2'A inches at the bottom, and 
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is secured by one steel set-screw. The taper is at the rate of i in 44. The 
bolt and the cotters are of Lowmoor iron. An oil cup, foiled solid on 
the strap, is bored out to 2 inches in diameter, 1^ inches deep, with a 
S/16-inch wick-hole to the gudgeon, closed by a brass screw-cap. 

The butt of the crank-end is a simple rectangular block, S^ inches 
wide and 2j^ inches thick, slotted out in the middle to reduce deadweight 
The strap is fastened to tiie butt with two i}^-inch bolts and double-nuts, 
1 1 threads per inch, each secured by a round split-pin. The heads of the bolts 
are 1 inch thick, the nuts 1 j{ inch thick, and the jam-nuts yi inch. These 
bolts and the boit at the other end are drawn out of a solid bar. without 
any welding. The strap is 2 '4' inches thick at the boits, 1^ inches above 
and below the brasses, and rounded at the back to a maximum thickness 
of l)^ inches. At the brasses the inside width of the strap is Sj^ inches, 
inch less than at the bolts. Thus the insertion and withdrawal of 
the brasses are facilitated. There is Ja inch of metal in the brasses at the 
top and the bottom. They are square at the front and the back, with 
•/»6-inch flanges to lap the butt and the strap. They are cottered up with 
a J^-inch steel plate to take the pressure of the cotter, which is iSJ^f inches 
long, ^ inch thick, rounded at the edges, 2^ inches wide at the top, 
tapering to i}i inches at the lower end, secured by two steel ja-inch set- 
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screws. The taper is at the rate of i in i6, and is entirely on the edge 
next the brass, the cotter being let into the steel bearing-plate. There is 
I ^ inches of metal at each side, fore and back of the brasses. They are 
lined with s/^e inch of white metal. An oil cup, like that described for the 
crosshead-end, is forged solid on the strap. 

The crank-axle is of Yorkshire iron, having two double cranks at right 
angles to each other; the right-hand crank leading, that is, 90"* in advance 
of the leffc-hand crank when the engine goes forward. The trailing 
coupled -axle is of crucible steel, straight Both axles are 7 inches in 
diameter in the body or middle portion; with 7>^-inch journals, y)^ inches 
long, 3 feet 1 1 ^ inches apart from centre to centre, or 2^ inches less than 
the distance apart of the longitudinal frame-plates between centres. Thus 
the centre-lines at each side are i ^ inches out of line. But they are only 
}i inch out of line taking the frame-plates at the cylinders. The wheel- 
seats, outside the journals, are S}4 inches in diameter, 6^ inches long, 
with a collar ^ inch wide, 9 inches in diameter, let J^ inch into the wheel, 
making together 6Ji inches total length of seat for the wheel. This collar 
also forms the end of the journal. The body of the trailing axle is gradu- 
ally increased in diameter from 7 inches at the middle to 9 inches at the 

ends,givinga ^-inch 
collar to the inner 
end of the joumaL 
The crank-pins of 
the crank-axle are 
7 inches in diameter, 
4 inches long, well 
rounded into the 
arms or webs of the 
crank. They are 2 
feet 4 inches apart 
between centres. 
The crank-arms are 
13 inches wide, 4}^ 
inches thick, and 
they are strength- 
ened by straps or 
"hoops'* of iron, 2j4 inches by 15^ inches in section, shrunk upon them. 
The life of a crank-axle is from 197,351 miles to 220,000 miles run by the 
engine. The life is determined by inspection. The life of a straight coupled- 
axle is from 300,000 miles to 550,000 miles. 

The coupling-rods, figs. 866, are of Vickers steel, of a tensile strength 
of 35 tons per square inch, with an elongation of 30 per cent They are 
made with solid circular ends and brass bushes. They are 8j^ feet long, 
and have bearings 3>4 inches in diameter and 3^2 inches long. The bushes 
are ^ inch thick, or 4^ inches in diameter outside; 3^^ inches long, or 
}4 inch shorter than the journal. They are lined with 3/i6 inch of white 
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metal The body of the rod is rectangular in section, ij^ inches thick 
3J4 inches deep, at the ends, swelled to a thickness of I ^ inches and a 
depth of 4^ inches at tlie middle. 

The valves are ordinary slide-valves worked direct from the driving- 
axle by link-motion. They are of gun-metal, i8j4 inches by lOJ:^ inches 
on the face, and proportioned to give i inch of lap and s/ja inch of lead in 
full gear. The travel tn full gear is 3'3/,6 inches, and the valve cuts off at 
a mean of 7\'4 per cent The body of the valve is of J^-inch metal ; the 
face is 's;,6 inch thick. The exhaust cavity is 3 inches deep. The valve 
is stiffened by two ribs or flanges 
across the cavity. The centre- 
line of the valve is 3 inches above 
that of the cylinders, at half 
length: affording facility for a free 
exhaust into the blast-pipe. 

The valve-motion work is of 
best iron; the working and rub- 
bing surfaces are case-hardened. 
The valve-spindle for each valve 
is I l:j inches in diameter, welded 
to the buckle, which is lodged on 
the back of the valve. The 
buckle is 19/ 16 inches deep, 
i^i inches thick at the ends, 
widening to i}^ inches at the 
junction of the spindle. The 
valve is steadied by a back 
spindle, 1^8 inches in diameter, 
sliding in a cast-iron guide at 
the front of the valve -chest 
The four eccentrics, figs. 867, for 
working the link-motion for the two vahes. are fixed on the crank-shaft 
between the cranks. They are 15'^ mches in diameter, 3 inches thick; 
turned down at the corners, ^ mch deep and Ji mch wide leavmg a 
width of 2 inches of the full diameter The central opening is 7 inches 
in diameter, to fit the shaft; and the eccentricity is 3 inches, making 
6 inches of throw. The eye or boss of the eccentric is 3j^ inches wide, 
projecting }i inch at each side from the body of the eccentric. Each 
eccentric is in two pieces — the smaller piece of best iron, the larger of 
cylinder metal, — united on the axle by two i-inch cotter bolts, with i ;.4-i«ch 
cylindrical heads sunk into the smaller piece, and a steel cotter to each, 
Ifi inches by % inch; also secured by two Ji inch steel set-screws, with 
a wrought-iron jam-nut to each. The eccentric straps are of cylinder- 
metal, 2 inches thick over the eccentric, and 3 inches wide. They are in 
halves, united by two i^-inch bolts and double-nuts. 17 inches apart 
between centres, and only s/16 inch clear of the eccentric at each side. 
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The bolt -heads are i'3/i6 inches square, J4 inch thick; the nuts are 
ij^ inches thick, and the jam-nuts }^ inch. One of the half-straps of each 
eccentric is formed with a flat surface 8j4 inches long, 3 inches wide, to 
which the eccentric-rod is fastened, with two ij^-inch stud>bolts screwed 
into the strap for a depth of 2 inches, at 6-inch centres. Each bolt is 
secured with a 5/i6-inch iron pin passed through it and the metal of the 
strap, and riveted over at each end. The free ends of the bolts are reduced 
to i^ inches in diameter, and screwed for nuts, i}i inches thick, with 
jam-nuts ^ inch thick. A syphon oil-cup is cast on the strap, closed with 
a brass screw-plug. A '/16-inch vent-hole is drilled through the plug for 
the escape of air while oil is poured in. 

Each pair of eccentric-rods is 4 feet 3^ inches in total leng^, measured 
from the centre of the eccentric to the centre line of the expansion-link. 
The rods are rectangular, i}i inches thick, 3J4 inches wide at the strap, 
2}^ inches at the link. They are formed with palms, ij^ inches thick, to 
join the eccentric-straps, and are forked at the other ends to take the 
expansion-link, to which they are pinned with plain i ^-inch wrought-iron 
pins, secured in the forks by split-pins. The expansion-link is 17 inches 
long between the end centres, 2j^ inches thick, curved to the radius 4 feet 
3^ inches, or the length of the eccentric-rods. The slot in the link is 
2^ inches wide, and the sliding block in the slot is of gun-metal, 3^ inches 
in length. The extreme vertical range, or lift and fall, of the expansion- 
link is 8 inches, or 4 inches above and 4 inches below the position of mid- 
gear. The block in the link is pinned with a i ^-inch pin to the end of 
the prolongation of the valve-spindle, which is forked to receive it The 
prolongation is a cylindrical expansion, 3^ inches in diameter, which is 
supported by and is guided in a gun-metal slide, 12 inches long, bolted to 
the motion-plate. The prolongation is cottered to the valve-spindle. The 
travel of the slide-valve in full gear forward or backward is, as before stated, 
313/16 inches, and in mid gear it is 25^ inches. The weigh-bar shaft, or 
reversing shaft, placed transversely above the link-motion, is 3j^ inches in 
diameter at the middle, tapering to a diameter of 3 inches at each end. It 
has a cast-iron bearing bolted to each side frame -plate, with journals 
2^ inches in diameter, 3^ inches long. The two lifting arms on the 
shaft are 13 inches long, i inch thick, with 14-inch lifting links, pinned to 
the centre of the expansion-link, and i^-inch pins. The load on these 
arms is balanced by cheese-blocks of cast iron, one to each arm, 12 inches 
in diameter, 5 ^^ inches thick, fastened with a sunk bolt and nut on an arm, 
at 12 inches of radius. All the pins are of best iron, case-hardened. 

The whole of the link-motion work is behind the motion-plate. 

The reversing arm on the weigh-bar shaft is 14 inches long, and is 
worked from the foot-plate by a rod and triple- thread screw, having 
I J4 inches of pitch, commanding a swivel-nut 6 inches long, pivoted on the 
end of the rod, and sliding on a bracket carrier of dovetail section ; with 
a tvvo-handle lever of 9 inches radius. The screw, handle, and rod are of 
best iron. The carrier and bracket are of malleable cast iron. All the 
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working parts are case-hardened, The bracket is placed on the top of the 
right-hand trailing splasher. 

The distribution of steam by the valve-motion is as follows, the throw 
of the eccentric being 6 inches, the lap of the valves being I inch, and the 
lead j/31 inch, in full gear forward : — 

DistribuHon by Valve-gear. 
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Nole :—/ signifies JuUy, i signifies bartiy. 

The driving and trailing axle-boxes are of solid gun-metal, or of wrought 
iron case-hardened, with gun-metal bearings. The slides or guides between 
which they are lodged are of chilled cast iron. They are of bracket -form, 
in pairs, planed or ground all over, and fixed 12 Inches apart They are of 
ij-i-inch metal, let into and bolted to the longitudinal frame-plates with 
seven i-inch bolts and nuts to each driving-axle bracket, and five to each 
trailing-axle bracket. They are of length sufficient for ly^ inches of play 
of tile axle-boxes. The boxes bear direct on the axles, and are 2 inches 
thick over the journal. They are formed with flanges, 2 inches wide, 
Ji inch thick, lapping the guides. The keeps are of wrought iron, lodged 
between and fitted to the flanks of tlie axle-boxes, and fastened to them 
with two I J^-inch pins, transversely. The lower end of each keep is formed 
witli an eye, 2% inches thick, to take the spring-buckle with a ij^-inch 
pin. The lower ends of the guides under each axle-box are tied together 
by a wrought-iron plate, 1 J^ inches thick, joggled on to them, and fastened 
with two i"^-inch stud-bolts and nuts. 

The bogie axle-boxes are of gun-metal, lined with white metal, fitted 
with cast-iron keeps. The guides are brackets of cast steel, fixed at 
y% inches apart on the outside of the side frame-plates of the bogie, with 
six i-inch bolts and nuts for each. The ends of the horns of the frame are 
tied by a bar notched on and bolted to each pair of horns. 

The wheels are of wrought iron, soUd-foi^ed, from the very best selected 
scrap iron. The spokes are forged solid with segments of the rim, forming 
T heads, and the spokes are welded at the mid-length of each spoke. 
Counterweights are foiged solid on the rims of the driving and trailing 
wheels, and these wheels are crank-bossed. Each wheel is placed on the 
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axle by hydraulic pressure, of not less than 70 tons, and secured by a key; 
and then the tyre is shrunk on the wheel 

The driving and trailing wheels, figs. 868 and 869, are 6 feet 9 inches in 
diameter. The rim is 6 feet 3 inches in diameter, 4i5/i6 inches vride, l^ 
inches thick. There are 20 spokes in each wheel, i^ inches thick, 4 inches 
wide at the nave; ij4 inches thick, 3j^ inches wide near the nm, pitched 
at about 13 inches between centres at the rim. The nave is lj% inches in 
diameter, making 4% inches of metal round the axle, and 6^ inches wide. 
The rim is turned with a square fillet or lip on the inner edge to enter 




the tyre. The crank-pin in each wheel, for coupling, is 4}^ inches in dia- 
meter within the boss, which is 6j^ inches deep, with 2j^ inches of metal 
round the pin. The pin is forced in by hydraulic pressure of from 35 to 
40 tons; and it is riveted over at the end. It comes home on a J^-inch 
collar, next which is the journal, 3J^ inches in diameter, 3ji inches long, 
case-hardened. The journal is closed by a wrought-iron 2j^-inch flange- 
nut, case-hardened, i"/i6 inches thick, screwed on with seven threads to 
the inch, and secured by a j^-inch steel split-pin, tapered at the rate of 
14 inch in 6 inches, or i in 48. 

The bogie-ivheels are 3 feet 6}i inches in diameter. The rim is 3 feet 
}4 inch in diameter, allowing 3 inches for the thickness of the tyre; 
4'5',6 inches wide, i^^ inches thick. There are ten spokes, landed on the 
rim at about lO'^ inches of pitch. The nave is 6>^ inches in diameter 
inside, 12 inches outside, making 2j^ iadiea of metal round the shaft, and 
6-I4' inches wide. The spokes are " i}i inches near the nave, 

tapered to 3^4 inches by ij^ ini 
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The tyres are of crucible cast steel, turned to the section shown in fig. SGg 
for al! except the driving wheels; 5J.^ inches wide. 2^-4 inches thick at the 
tread, which is inclined at the angle 1 in 26, bevelled at the outer edge for 
a width of ^ inch, and formed with a flange i inch thick, projecting 
IJ^ inches from the middle of the tread, rounded to a J^-inch radius, and 
joined to the tread with a curve of 's ,6-inch radius. The tyre is grooved 
at the inner side to receive the fillet on the side of the rim, and is secured 
to the rim by twenty ^-inch screws, one to each interspace screwed through 
the rim into the tyre. The tyres on each — i- "f 
wheels are placed at a distance apart of ■ 1 1 
$^t inches between the backs of them, — su 
they have a total play of about J-2 inch t 
the wheel-flanges and the rails. The !>■ 
shrunk on the wheels after these are forced I 
axle. The tyres of the driving wheels diffi 1 
those for the other wheels, in having the 1 
thinner — >3/,6 inch thick. The tyres of the 1 

and trailing wheels, as they wear, are tum& 
finally to a minimum thickness of i5^ inche; , 
which, when again worn, they are removed, 

The wheels are fastened on the axles each with 
a steel key l % inches wide, i % inches thick. 

The bearing springs are of the best spring-steel 
plates, with buckles of wrought iron. Those for the 
driving and trailing axle-boxes have 3 feet of span 
and 5^ inches of camber, unloaded; or 3 feet 
t% inchesof span, and 3j4 inches of camber, when 
loaded. They deflect at the rate of 5/ ,6 inch per „ _ _ 
ton of load on each spring. They are suspended 

from the axle-boxes, and are pinned by the buckle to the keep, as before 
stated. The buckle is 4 inches wide, "/16 inch thick at the sides, i}4 inch 
at the bottom; forked at the upper side, with limbs 1^^ inches thick, to 
receive and take the lower end of the keep with a I J^-inch wrought-iron 
pin. The ends of the spring are linked with strut-links, 6 inches long, to 
the side frame-plates, with rj^-inch pins through eyes formed on the ends 
of the upper plate of the spring, and i J^-inch pins through the frame-plates. 
Each spring consists of 22 plates, 4j^ inches wide, of which the top plate 
is }4 inch thick and the other plates s/,^ inch, making together a depth of 
7'/i6 inches of spring at the buckle. The lowest plate is 10% inches long. 
The bogie- springs, in an inverted position, have 3J^ feet of span, unloaded 
or loaded; and 5 inches and 3^^ inches of camber, respectively. Their 
deflection is J^ inch per ton of toad on each spring. They have each 
II plates }4 inch thick, 5 inches wide, making a total depth of SJ^ inches 
of spring at the buckle. The buckle is of wrought iron, 4 inches wide, 
^ inch tliick at the sides, i^^ inches at the top; and is fitted with a 
2^-iach pin on the under side, taking the cradle and the frame-plate, the 
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whole being fastened together with a nut on the inner end of the pin. The 
ends of the spring are linked to the cradle with ij^-inch pins, and the load 
is transferred to the axle-boxes in the manner already described in the 
notice of the bogie. 

The engine is fitted with a steam break, consisting of cast-iron 
break-blocks, wrought-iron hangers, carriers, rods, and cross-bars, for 
the driving and trailing wheels; also a horizontal ^-inch steam cylinder, 
single-acting, with piston and levers, fixed below the draw-plate, and con- 
nected with the break-gear. The piston-rod is linked to the end of a lever 
having lo-inch and 4^-inch arms connected to the lower ends of the 
hangers, two of which are applied, one for each driving-wheel. The break- 
blocks are swivelled, one to each hanger, at mid -length; and thus the 

leverage of the piston is increased to (tt/X -=) 4.44, multiplying the 

pressure on the piston 4.44 times. By the action of a helical spring, fitted 
below the steam-cylinder, the lever, and with it the piston, are pulled back, 
when the steam is exhausted. 

For the vacuum-break, a large ejector, with a Gresham valve, is fitted 
on the side of the smoke-box, together with a gun-metal steam-valv^ 
seating, gearing, and clappet- valve, fixed to the hand -rail In addition, 
there is a combined automatic ejector and blower with clappet-valve, fixed 
on the back of the fire-box, with an exhaust steam-pipe passing through 
the boiler to the cap of the blast-pipe. The combined steam and vacuum- 
break valve for applying or releasing the breaks, clappet-valves, and steam- 
valves are provided. Also a Bourdon's vacuum-gauge and union. A 
gun-metal elbow-pipe, with a brass tube for conveying steam to the tender- 
break, is fixed on the back of the fire-box. India-rubber hose-pipes and 
couplings are provided for the vacuum -break, between the engine and 
tender, and at the back of the tender. 

Boiler Mountings, — Mountings are fixed on flat seatings, as shown. 
These are: — One Bourdon's pressure-gauge to indicate pressures up to 
200 lbs. per square inch ; one large and one small whistle and stand ; stand 
and gear to connect with cord communication; two water-gauge cocks; 
one set of glass water-gauge cocks; one steam-break stop-cock, with a 
copper pipe in the boiler reaching to the top of the dome; two injector 
steam-cocks and copper pipes to the top of the dome; two injector clack- 
boxes; two of Fumiss's cylinder lubricators; one No. 3 Roscoe's lubri- 
cator. All these are of gun metal. The clack-boxes are shown in figs. 870. 
The valve is three-leaved, 1^4 inches in diameter, and ij^ inches long in 
the leaves. It scats at the angle 45^, with a bearing V16 inch broad, and 
a lift of 5. x6 inch. I'he feed-pipe is of copper, i ^4 inches in diameter, 
No. 9 B.W. G. (?^ inch) in thickness. The body of the clack-box is 
J< inch thick, and 3 inches in diameter inside. It delivers to the boiler 
by a 1 34 -inch thoroughfare. A wrought-iron seat, 7 inches in diameter, 
is riveted to the boiler; and to this the clack-box is fixed with four ^-inch 
screws. The buffers, at tlie front, consist of WTOught-iron cases, with 
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Spencer's india-rubber washers (No. 2 cylinder). The plunger-head is 
7^ inches in diameter; and the projection of the buffer-head from the 
buffer-beam, when fixed, is i/ji inches. The buffers are 5 feet 8 inclies 
apart horizontally, between centre-lines, and they are 3 feet 5 inches above 
the level of the rails. The draw-hook at the front is mounted with 
Spencer's No. 6A india-rubber spring. It is fitted with a shackle of 
I )^-inch round iron, two links of i J^-inch round iron, and a hook. 

Two wrought-iron rail-guards are 
fixed with palms, one to each longi- 
tudinal frame-plate, descending to the 
level of 2j4 inches above the rails. 

Lagging. — The boiler and the 
firebox-shell are lagged with well- 
seasoned pine, covered with smooth 
iron sheets. No. 14 B.W.G. in thickness, 
which are fixed on hoops. The thick- 
ness of the clothing on tlie fire-box 
is \% inches, increasing towards the 
smoke-box, as it is carried cylindri- 
cal ty over the barrel. 

The dome-casing is of copper or 
iron, painted. The funnel of the 
safety-valve, on tlie fire-box, is of 
polished brass, No. 14 B.W.G. in 
thickness. 

Injectors. — There are two brass injectors, Gresham & Craven's, class G. 
The right-hand injector is No. 8 mm., and the left-hand injector is No. 7 
mm., placed in a No. 8 casing. They are fitted with stop back-valves and 
wasle-cocks. The feed-pipe is connected to the tender by a ball-and-socket 
joint The pipes are of copper, No, 9 B.W.G, in thickness, solid drawn. 
The feed-pipe from the tender to the injector is ij^ inches in diameter; 
the delivery-pipe to the clack-box, figs. 870, \% inches; the steam-pipe to 
the injector, i J( inches; the overflow -pipe, i ^ inches. 

Sand-boxes. — Two sand-boxes of cast iron, about 16 inches square each, 
are fixed between the inner and outer longitudinal frame-plates, with a 
pipe from each descending to within 2^ inches above the rails. The 
supply is regulated or shut off by means of a rotating butterfly valve at 
the bottom of each box. on a vertical spindle, worked from the fool-plate. 

The cal' is of best Staffordshire plate, fully ^ inch thick. It has two 
plate-glass windows, 14 inches net in diameter, fitted in brass frames; 
hinged, to open. All rivets are countersunk and filed smooth. The trail- 
ing splasher is riveted to the side of the cab, and strengthened to take 
tlie stress of the reversing screw. 

Sp/as/icrs to be of plate iron, fully ^ inch thick; neatly finished with a 
brass beading at the outer curves; rivets countersunk and filed smooth. 

The hand-rail is of polished iron tubing, 1 1^ inches in diameter; attached 
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to the boiler with polished wrought-iron pillars and carriers fixed on the 
boiler. The hand-rail is laid round the smoke-box. 

Lamp-lwlders are fixed on the foot-plate and the smoke-box — one on 
the top of the smoke-box in front of the chimney, one on each side of the 
platform at the front, one on the top of the cab at the back to carry the 
hand-lamp, and one on the back of the fire-box for the gauge-lamp. 

Bolts and Nuts. — Threads and sizes to be to the Whitworth standard. 
Gland nuts and cylinder- cover nuts are case-hardened; nuts inside the 
smoke-box are of hard brass, and have " blind ends," or are closed at the 
outside. 

Proportions of Threads {brass work), — 14 threads per inch up to I inch 
in diameter; 11 threads from i inch to 2 inches; 8 threads above 2 inches; 
copper stays, 1 1 threads. 

Copper Pipes, — These are solid drawn, and are here tabulated for easy 
reference: — 



Pipe. 


Diameter. 


Thickness. 


Steam-pipe in boiler 

Do. smoke-box 


mchet. 

4 
4 

^\ 

H 

I 


B.W.G. 

7 
7 

9 
9 
9 

9 

10 

8 

9 

9 

10 

9 

14 


Deliverv-piDe to clack-box 


Injector steam-pipe 

Blower-pipe in boiler 

Do. smoke-box 


Lubricator Dioes to axle-boxes 


Do. smoke-box 


Connecting feed-pipe to tender 

Steam-break pipes 

Main air-pipe of vacuum break 

Steam-pine, large ejector 


Air-pipe, small ejector 



Tools. — There are provided a complete set of double-ended screw-keys 
and gland-keys, case-hardened and finished bright, stamped with the rail- 
way company's initials and the number of the engine; with special spanners 
for eccentric-bolts and coupling-rods; one heavy and one small hammer, 
one lead and one copper hammer; one large and one small pin punch, 
two drifts, three chisels, one steel-pointed crowbar, one small steel pinch- 
bar, one gland-packing bar, one screw-jack, one i -gallon oil bottle, one 
^-gallon oil bottle, one large and one small oil -feeder; one fog-signal 
case ; one shovel, one coal pick, one hand-brush, one working time-table 
case; all the necessary fire-irons; a tube cleaner; also a chain, carrier, 
and padlock. 

Painting. — The boiler receives two coats of Jil^dkp.IWllt before. bdng 
lagged. Frames, splashers, hand-rails, an ' g|||j||||||||j||g|j[|^^ ^ 

oxalic paint, two coats of green, finish 
boiler, after being lagged, the frames? 
screen, one coat of lead colour, two c 
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up, properly rubbed down, two coats of lead colour, sand-papered, two 
coats of green, picked out with black, and fine-lined with white. The rims 
of the tyres are black, with a white line. The insides of tlie frames and 
the axles are finished with one coat of vermilion and one coat of varnish. 
Inside frames, sand-boxes, guards, &c., finished brown, picked out with 
white. Buffer beams and buffers finished vermilion and varnished. The 
initials, M. R., painted on in large block letters. The smoke-box, chimney, 
back of the fire-box, platforms, and steps painted black, two coats. The 
inside of the cab to be prepared similarly to the boiler and frame, and 
finished in brown and lined. 

The weights of the principal members of the engine are as follows: — 

Weights of Parts. 
Inside longitudinal frame-plates, horo-stays, and spring- 
hangers 2 S ' '5 

Frame complete, including inside frame-plates with attach- 
ments, cross-plates, buffer-beams, diagonal plates, gusset- 
plates, motion-plate, &c., and angle-irons 5 15 3 >6 

Crank axle, hooped o 18 3 24 

Trailing axle o 8 1 16 

I pair of driving wheels and tires 2 19 2 o 

I pair of bearing springs for driving (buckle extra) o 4 1 18 

1 pair of driving axle-boxes (iron and brass) 061 8 

Bogie complete, with wheels, axles, axle-boxes, and bear- 
ing springs 4 16 I o 

I bogie axle o 5 o la 

I pair of bogie wheels and tires r o i 16 

I pair of bogie springs (buckles extra) 043 o 

i pmr of bogie axle-boxes with keep (brass) o 1 2 u 

I piston o I I 16 

I piston-rod 003 o 

I crosshead and pin, with slide-blocks o 4 o 10 

I connecting-rod, complete o 3 i 24 

I coupling-rod 020 o 

Link-motion and reversing screw (including valve-motion 
and eccentrics for both cylinders, and reversing shaft 

and connections) o 16 a 15 

Boiler and fittings 10 2 o o 

Total weight of the engine (as before staled) 38 11 o o 

TENDER. 

The tender, figs. 871, is made with six wheels, and to hold 3000 gal- 
lons, or 481 cubic feet, or over 13 tons, of water, and from 3j^ to 4 tons 
of coal, The frame is of Yorkshire iron, frame-plate quality. It consists 
of four longitudinal plates, two at each side, riveted together with hori- 
zontal cross-plates at the front and the back, and with horizontal stay- 
plates between the frame-plates at each side above the vertical cross-plate 
between the frame-plates. 
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Tlie weight of the tender empty is l8 tons 17 cwts.; full, with 2 tons 
of coal, 33 tons 19 cwts. 

The outer side frame-plates are 1 inch thick and 2 feet g inches deep, 
relieved by large openings between the axle-box guides. They are 20 feet 
S inches long, and are 5 feet g'/i inches apart The inner side frame-plates 
are 14^ inches deep, ^ inch thick, and 4 feet 2}^ inches apart. The 
horizontal stay-plates are '/i inch thick. The ends or buffer-plates are 
I }^ inches thick, 1 5 inches deep, and 7 feet S inches wide. The outer side 
plates are tied together at the lower side edge with two cross bars, made 
with a palm at each end, by which they are united to the plates with four 
bolts and nuts. The top of the frame is 4 feet 2]^ inches above the 
level of the rails. 

The axles are 6^4 feet apart between centres, making a wheel-base of 
13 feet. 

Tank. — -The tank is made with a well; and is of BB Staffordshire iron- 
plate. Each side is in two plates, with butt-joints and strips on the out- 
side. The inside is stayed with three vertical cross plates and angle-irons 
to the bottom of the tank, also connected to the well-tank. The tank is 
made distinct from the frame, and may be readily lifted for examination 
or repair. 

The tank proper is 18 feet 7J^ inches long, 6 feet 7 inches wide, 3 feet 
g inches high above the frame. The well is 14 feet 8 inches long inside, 
4 feet 1)/^ inches wide, 17^^ inches deep. The plates are J^ inch thick for 
the top, sides, and ends; fi inch for the bottom and the well plates; 
S/,5 inch for the vertical stays in the tank, and for the sides of the well; 
'^i inch for the horizontal stays of the tank. The angle-iron for the sides, 
top, and ends is 2 inches by 2 inches by ^^ inch in section; and the inside 
angle-iron for fixing the tank to the bottom plate is 3j^ inches by 2% inches 
by ^6 inch. The rivets are % inch in diameter, at ij^ inches of pitch. 
The manhole is 18 inches in diameter, and stands g inches above the tank. 
The outside butt-straps, bottom edge and sides, are l% inches wide, ^^ inch 
thick. The coping is 9 inches high. 

The axle-boxes are of cast iron with gun-metal bearings and wrought- 
iron covers, case-hardened and polished. The keep is arranged for feeding 
oil below the axle. The guides are of cast iron. Bolts for keeps have 
split-pins through their ends. 

Springs. — The bearing springs, one to each axle-box, are 2 feet 
Ilj4 inches in span, unloaded, with a camber of 5^ inches. Loaded, the 
span is 3 feet. There are 1 8 plates, 4 inches wide, of which the top plate 
is % inch thick and the others ^ inch. The spring is 6j^ inches deep at 
the buckle. The deflection per ton of load on each spring is % inch. 

The draw-spring between the engine and tender is a C spring of 
18 plates. 6ii inches deep in all, and 3 feet span. The spring acts for 
both bufSng and drawing. The draw-spring at the hind end is of 
Spencer's india-rubber, No. 6 A. The buffers are uniform with those on 
the engine. 
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W/ieels and Axles. — The wheels are of wrought iron, 4 feet 3 inches in 
diameter, constructed like the engine wheels. The rim is 3 feet 9 inches 
in diameter, 4*s/x6 inches wide, ij^ inches thick. There are twelve spokes, 
X}i inches thick at the nave, 1% inches at the rim; landed on the rim at 
10 inches pitch. The nave is 15 inches in diameter, 6^ inches thick, with 
a 7 j4-inch hole for the axle. The tyres are like those of the engine wheels, 
and are fastened similarly. 

The axles are of best Yorkshire iron, 6|^ inches in diameter at the 
middle, swelled to 7 inches at the back of the wheel, with a collar; 
7^ inches in the wheel. The journals are outside the wheels, and are 
5^ inches in diameter, 9 inches long. 

Break. — A cast-iron break block, on a wrought-iron hanger, is applied 
for each wheel. The break shaft is connected to a steam-break cylinder, 
with a brass piston. Steam is supplied from the steam-pipe of the engine 
through a flexible brass pipe and stuffing-box. A 2^-inch copper pipe, 
connected with the engine, is laid under the tank, and brought up at the 
back of the tender, for flxing thereon the india-rubber hose pipe and 
coupling. 

The weights of principal parts of the tender are as follows: — 

tons. cwts. qn. lbs. 

Frame, including axle-box slides and spring-carriers... i 18 3 13 

cwts. qrs. lbs. 

I pair of wheels : — 2 wheel-centres 13 2 10 

2 tyres 12 3 16 

I 6 I 26 

I axle o V 3 6 

I spring o 2 o 24 

Painting. — The inside of the tank received two coats of thick red lead. 
The outside of the tank is prepared and finished like the boiler covering 
of the engine. The wheels and the outside of the frame-plates are finished 
like those of the engine. The inside of the frames have two coats of lead 
colour. The coal space, foot-plate, lower tank, the bottom of the tank 
and the break-work under the tender, have two coats of black. 

Since the Midland locomotive just described was designed, Mr. Johnson 
has constructed a number of locomotives of similar design, but witii 7-feet 
driving-wheels, and 1261 square feet of heating surface, with a pressure 
of 160 lbs. per square inch in the boiler. In 1887, he constructed a single 
express bogie locomotive for fast trains, having 18-inch cylinders, with a 
stroke of 26 inches, and 7-feet-4-inch driving-wheels; 1240^ square feet 
of heating surface, 19.68 square feet of fire-grate; 160 lbs. pressure per 
square inch in the boiler. The engine weighs 43 tons 13^ cwts. in work- 
ing order, of which 17^ tons is driving weight This class was constructed 
for working the London and Nottingham express traffic at speeds of from 
50 to 53 miles per hour, over ruling gradients of I in 120, with an average 
train of nine carriages, making with the enp *"^ oss weight 
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of 170 tons. The fuel consumed is, it is stated, from 20 lbs. to 21 lbs. of 
Derbyshire coal per mile. 

According to Mr. Johnson's latest design (1889), differing from the 
preceding single-wheel engine only in some details, illustrated by fig. 872, 
the cylinders are i8>^ inches in diameter, with a stroke of 26 inches; 
7J^-feet single driving wheels, 3>^-feet bogie wheels, and 4-fcet-4-inch 
hind wheels; working pressure 160 lbs. per square inch. The lap of the 
slide-valves is i inch; the lead is }4 inch fully. The barrel of the boiler is 
10 feet 4 inches long, with 4 feet 2 inches mean diameter outside. The 
fire-box is 6}4 feet long outside. There are 244 flue-tubes, of which 242 
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aUway; Mr. Jc 



are 1^ inches in diameter externally, and 2 are ij^ inches. The heating 
surface of the fire-box is 1 17 square feet, and that of the tubes is 1 123'4 
square feet; tt^ether, 1240% square feet, or 63.3 times the grate-area, which 
is ig.6 square feet. The bogie centre is 10 feet }i inch from the driving 
centre; and this is 8 feet 9 inches from the hind-wheel centre, making 18 
feet gji inches of fixed wheel-base of the engine. The bogie-wheel centres 
are 6 feet apart. The wheel-base of the engine and tender together is 
43 feet 2j^ inches. The weight of the engine in working order is 43 tons, 
of which 17J4 tons is driving weight. The tender has 3250 gallons capa- 
city for 14"^ tons of water, and can hold 3J4 tons of coal. It weighs 
30 tons when full, of which the weight empty is 12 tons. On the London 
and Nottingham traflic the average gross load is from 170 to 215 tons, of 
which the equivalent in vehicles is from 9 to 12 carriages. The time-bill 
speed is 53 J4 miles per hour; the longest continuous run is 124 miles; 
and the coal; Derbyshire, is consumed at the rate of from 20 lbs. to 23 lbs. 
per mile run. 
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Chapter LXIIL— FOUR-COUPLED PASSENGER LOCOMOTIVE. 

WITH TENDER. 

DESIGNED BY MR. WILLIAM COWAN FOR THE GREAT NORTH OF SCOTLAND RAILWAY; 

CONSTRUCTED BY MESSRS. NEILSON & CO.^ GLASGOW. 

PLATE XV. 

(Cylinders, outside, 17 yi inches by 26 inches; conpled- wheels 6 feet i inch. 

Gauge of way 4 feet S}^ inches. ) 

The gener^ arrangement and design of this locomotive are shown in 
figs. 873, 874, and 875, and Plate XV. The cylinders are outside and hori- 
zontal, with four coupled wheels behind and a four-wheel bogie at the front, 
with inside bearings. Though the general disposition resembles that of the 
Midland passenger locomotive already noticed, the design and detail are 
very different. 

In this engine the coupled axles are 8 feet apart, and the centre of the 
bogie is g}^ feet from the driving axle, making a wheel-base of (8-h954 = ) 
173^ feet from the centre of the bogie to the trailing axle. The bog^e 
wheels are 6 feet apart, and the total wheel-base is (17^^-1-3=) 20 J4 feet 
The driving and trailing axles are placed as much forward as is consistent 
with providing for a sufficient length of connecting-rod, in order to secure a 
proper proportion of the weight for tractive purposes. The trailing axle is 
only 8 inches behind the firebox-shell, whilst the driving axle is 28 inches 
in front of it; and the co-operation of a heavy cast-iron platform behind 
the boiler is wanted, in order to complement the load on the trailing 
axle, or, more generally stated, to shift the centre of gravity of the engine 
farther back, towards the driving and coupled axles. The results of such 
combination are that the weight of the engine, when it is full, is distributed 
nearly equally on the three points of bearing — the trailing axle, the driving 
axle, and the bogie, as follows: — 

Emptv. Full. 

tons. cwts. tons. cwts. 

Bogie 13 I 14 o 

Driving axle 11 7 12 15 

Trailing axle 11 7 12 15 

35 15 39 10 

Tender 15 o 27 o 

50 15 66 10 

By the rule for finding the position of the centre of gravity horizontally,^ 
the products of the loads on the bogie and the hind axles by their respective 
distances from the middle axle, are (14x9)4=) 133, and (12.75 x8 = ) 102. 
The difference is 31, and the quotient of this difference divided by the total 
weight of the engine is .785 foot, or 9.42 inches, which is the position hori- 
zontally of the centre of gravity in advance of the driving axle; and, as it 
happens, it is almost exactly half-way between the bogie-pin and the 
trailing axle. 

^ Raitway Machinery^ page 189. 
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The working steam-pressure is 150 lbs. per square inch. The area of 
the fire-grate is 14 square feet The heating surface of the fire-box is 
84 square feet, and that of the flue-tubes is 1023.4 square feet; tc^ether, 
1 107.4 square feet, or 79 times the area of firegrate. 

The frame of the ei^ne is of Krupp's frame-plate. It consists of four 
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longitudinal side-plates, with five transverse plates and the cast-iron plat- 
form. The two main side-plates, to which the principal attachments are 
made, are IJ^ inches thick, 25 feet 10 inches long, placed 4 feet apart, and 
standing 4 feet I inch high above the level of the rails. They are 15 inches 
deep at the part between the cylinders and the driving axle, and over the 
driving and trailing axle-boxes; 12 inches deep at the cylinders, and 
20j^ inches deep at the sides of the firebox -shell. The plates are recessed 
or reduced J^ inch in thickness to clear the leading bogie-wheels. The 
axle-guards are tied by cross-bars slotted '-■- *" them. The outer side- 
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lower side and the ends, 5 inches wide. Next comes the motion- plate 
! inch thick, 12 inches deep, joined to the side-plates with 3-inch angle- 
irons; then a plate i}{ inches thick, S'X inches deep, in advance of the 
driving-axle; and anotlier plate, i'/( inches thick, 15 inches deep, just in 
front of the firebox -shell. Lastly, a massive cast-iron platform or foot-plate 
of 2j^-inch metal, weighing 33 cwts., behind the fire-box, forming a draw- 
chamber. 

The inner and outer side-plates at each side are bound together by the 1 
front buffer-beam, as before noted ; the cylinder, the guide-bar bracket, or 
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motion-plate, which ts of steel, and an end plate at the back; also by the 
side foot-plates or platforms, which are of J^-inch iron plate. The platfonn 
in front of the smoke-box is of J^-inch plate. 

The main side-plates are also bound by a i-inch horizontal plate, 
33 inches wide, fitted between the side-plates, under the smoke-box, and 
acting as a base for the bogie fastenit^s. It is joined to the ade-plates 
with 4-inch angle-iron, ^ inch thick. 

A buffer-beam of Moulmein teak, i6 inches by 6 inches, 8 feet long, is 
bolted to the front buffer-plate, and is covered on the front with a s/rt-inch 
iron-plate, turned over the ends. A draw-hook is passed through the beam, 
bearing on a volute spring at the inner side of the beam. Two buffers are 
fixed on the beam at s-feet-8-inch centres, 3>^ feet above the level of the 
rails. 

The axle-box guides are cast-iron brackets, 7 inches wide on the faces, 
each pair of guides being cast in one piece, in which the guides are con- 
nected over the axle-box. The ruling thickness of metal is i }( inches. 
The hinder guide of each axle-box is fitted with an adjusting wedge, 
tapered at the rate of i in 16, inserted and adjusted by a i}^-inch screw 
and double-nuts from below, and secured to the guide by a ^-inch bolt 
and nut Each casting is fastened to the frame-plate with fourteen l-inch 
bolts and nuts, placed zigzag at the sides. 

The driving and trailing axle-boxes, figs. 876, are of gun-metal, bored 
to a diameter of 7'/i6 inches, for 7-inch journals, and 9 inches long. The 
brass is faced at each outer side 
with ^-inch steel wearing plates, 
7J^ inches wide, fixed to it with 
ten countersunk screws: making 
up a longitudmal width of lij^ 
inches between the guide-brackets. 
The wearing plates are grooved 
with diagonal cuts to distribute 
the lubricant The brass is lined 
with white - metal. The total 
depth of the axle-box is 13 
inches, and it has a lubricator- 
tliriinlK-r lit the top with a ^-inch syphon hole to the crown of the 
jiniiii.il. A brass keep is applied below the journal, and is kept 
ill \>Uvv with a i>^-inch longitudmal bolt, from which the spring is 
tiii-i|>i'nili-d, The four bearing springs, driving and trailing, are 3 feet 
1 iiiilicw ill Hpan, with 2% inches of camber; they consist of 15 plates, 
S iiiilii'i wiilf, of which 14 plates are ^ inch, and i plate, the uppermost. 
Is ^j Mil li tliiik. The suspending bolt is formed with an eye to take the 
ai'iiiiH aluiklc, with a i^-inch pin, and an eye, 6^ inches long, fitted 
liLiHiiii ihi- tldcH of the keep, to take the ij^-inch longitudinal bolt The 
U\. II ajii iiit;B .tl (Mch side of the engine uke a bearing at their outer ends on 
lilt: aiili; li.iim- pliitc. The inner ends are linked to the ends of an equili- 
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brium lever, 4 feet 9 inches long, between the end centres, for the purpose 
of equilibrating the loads on the driving and trailing axles. The bearings 
of the spring-links are spherical, and adapt themselves to the swaying of 
the springs while the engine is in motion. 

The driving and trailing axles are of Krupp's crucible steel. 6j4 inches 
in diameter in the body, y inches at the Journals and in the eccentrics for 
the valve motion; and S}^ inches in the wheels, tapering to 87/16 inches, 
oral the rate of 1 in 100 in a length of 6 inches. The journals are 9 inches 
long, and are 3 feet 7j4 inches apart from centre to centre of lengths, and 
2% inches within the respective side frame-plates. 

The driving and trailing wheels, figs. 877, are of wrought iron, 6 feet 
I inch in diameter. The rim of each wheel is 5 feet 7J4 inches in diameter. 



IK is I ^ inches thick. 4^ inches wide, reduced at the inner side to 
■IE inches wide, to form notches to receive the retaining rings. The tyre 
Bof Krupp's crucible steel. 25^ inches thick at the tread, with a flange 
P/»6 inches thick, projecting i J^ inches, and connected to the tread with a 
curve of i-inch radius. It is conical for a breadth of 2J4 inches, sloping 
3,'jj inch, or i in 29. It is bored to a diameter '/1000th part of tlie external 
diameter less than that of the wheel, and is shrunk on. It is grooved in 
each face to receive two wrought-iron retaining rings, one at each side, 
which are fastened to the rim with ^-inch through bolts, countersunk into 
each ring, one at the end of each spoke. The spokes, twenty in number, 
are 4>{ inches by i^ inches tliick near the nave, tapered to 3j^ inches by 
Ij^ inches near the rim. They are pitched on the rim at intervals of about 
10 inches. The nave is i6j^ inches in diameter outside, bored to 8 J^ inches, 
slightly taper, to receive the axle, as before noted; making 4j4 inches 
of metal round the axle, and 6 inches along the axle. The wheel is fastened 
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to the axle with one steel key, l}4 inches by % inch thick, let half into I 
the nave and half into the axle. A crank-boss is forged solid with four of J 
the spokes, Sjs inches deep, bored to 4}4 inches in diameter, tapered in- I 
wards to 4^ inches, at the rate of about i in 50. to receive the crank-pin; 
with 24^ inches of metal round the pin. The crank-pins are of iron case- 
hardened. They have 4!4-inch journals, 3 inches long, for the coupling- 
rods; and the driving crank-pin has an overhung journal, 3j^ inches by 
4 inches, for the connecting-rod. The trailing crank-pin is fitted with a 
flange-nut to form a collar, screwed on and secured with a split pin. The 
pins are case-hardened, and are riveted over the boss. Countenveights of 
crescent form are welded between the spokes at the rim, of which the 
heavier counterweight is lodged in the driving wheels. 

The counterweight ing has been calculated to balance 81 per cent ofl 
the otherwise unbalanced revolving and reciprocating parts. These arc^J 
for each side of the engine, as follows: — 

PouajL 

2 cranks and pins, driving and trailing 207 

1 coupling-rod 225 

I connecting-rod 301 

I piston, rod, crosshead, and slide-blocks 345 

Total revolving and reciprocating weight 97S 

The length of the cranks is 13 inches, and the moment of the mass is I 
(978 X 13 = ) 12,714 inch-pounds. The driving balance-weight is 243 pounds, , 
of which the centre of gravity is 26 inches from the centre of the wheel, 
and the moment is 6318 inch-pounds. The trailing balance -weight is 
147 pounds, having a radial distance of 27.75 inches, and the moment is 
(147x27.75 = ) 40^0 pounds. The sum of these two moments is 10,398 
inch-pounds, or 81 per cent of the moment of the entire reciprocating and 1 
revolving mass. 

Bala nee- weights varying from 75 per cent to 100 per cent of this mass ] 
have been applied, with satisfactory results. 

The bogie has two pairs of wheels 3 feet ^ inch in diameter, at G-feet ' 
centres. It is allowed a lateral play of 2 inches — i inch at each side of the 
central position. The frame consists of two i-inch side-plates, 10^ inches 
deep, 2 feet 8J^ inches apart; tied together by a large ribbed iron casting 
of I J^-inch metal, about 10 inches deep, 2 feet 1 1 inches wide, and expanded 
at each end Into 6ange5 4 feet 8 inches wide, by which it is bolted to the I 
side-plates with seventeen J^-inch countersunk bolts and nuts at each side. [ 
The side-plates are also tied together with a 2-inch round stay-rod, nutted ] 
at both ends, at each end of the frame, through the axle-guards, outside the J 
axle-boxes, 

The casting is recessed at the centre to receive the socket for the pivot 1 
The socket is of cast iron, 9 inches in diameter, formed with a rectangular ] 
disc on the upper side, 1 ^ inches thick, 2 1 inches by 19 inches, free to slide | 
laterally between guides on the ribbed casting. The socket is bored out to [ 
6 inches in diameter, to receive the pivot, which is S's/ie inches in diameter. 
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The pivot is developed upwards into a circular disc, 15 inches in diameter, 
which rests upon the socket-disc, and fits in and is confined by a circular 
flange on the socket-disc, within which it is free to revolve, bearing on a 
J:^-inch liner-plate of cast iron, of the same diameter. The pivot is finished 
with a rectangular head, 5 inches thick, fitted between and bolted to two 
l-inch plates placed longitudinally, riveted with ^-inch rivets to the 
transverse horizontal i-inch plates, already noticed, by which the main 
side frame-plates of the engine are bound together. The pivot-head is 
fastened between the longitudinal plates with eight i J^-inch bolts and nuts. 
A 2^-inch safety-pin is passed centrally through the pivot, sustained by a 
cotter through the upper end and fitted with a flange-nut at the lower end. 

The load is taken by two inverted side-springs, through the buckles, 
through each of which a 2j^-inch pin is passed, fastened to the frame and 
the main ribbed casting with a nut. 
Each spring has a span of 3j^ feet, 
with 2 inches of camber, loaded; 
and consists of eleven plates ^ inch 
thick, 5 inches wide. The ends are 
linked to the cradle with i J^-inch pins ; ■ 
the cradle consisting of two parallel 
I -inch iron plates, 5 inches deep, 
5X inches apart, made up with a 
cast-iron block with a semicircular 
bearing at each end, to take a bearing 
upon a semicircular seat formed on 
the top of the axle-box. The axle-boxes f 
cast-iron keeps, held up with two ^-inch pins 

troughs to hold oil for lubrication, which is fed upwards through wicks m 
each box into a pad, which is sustained by a helical spnng m contact with 
the journal at the lower side. The brass is bored out to a diameter of 
6 inches, and is S^ inches long. The guiding surface of the box at each 
side is 6'3/,6 inches wide, 1 1 inches deep, diagonally grooved for lubrication. 
The brass is lined with two strips of white metal near the crown. 

The guides for the axle-boxes are of cast iron, in pairs, each inner guide 
being fastened to the side frame-plates with seven ^-inch rivets; and each 
outer guide, with three rivets and also the 2-inch cross stay-rod, which ties 
the ends of the frame-plates. The lower ends of each pair of guides are 
bound to each other with two round cast-iron struts, and two i-inch bolts 
and nuts. 

The axles are $ % inches in diameter in the body, and 6 inches at the 
journals, which are 9 inches long, and are 3 feet 8 inches apart on the same 
axle between the middles. They are 7 inches in diameter at the wheel 
seats, formed with a 7j4-inch collar, which is let flush into the wheel- 
nave. They give a bearing 6 inches long in the wheel, and taper to 
6'5;',6 inches in diameter at the outer end, at the rate of i in 100. The wheels 
are 3 feet % inch in diameter over the tyre; 2 feet J)4 inches at the rim, 




! are of gun metal w ith 
The keeps are formed as 
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with naves 6 inches deep, 13 inches in diameter, having 3^ inches of metal 
round the axle. There are ten spokes 3 inches by i^ inches near the rim, 
enlarged in section towards the nave; landed on the rim at a pitch of about 
93/^ inches. The tyre is 5 inches wide, 2% inches thick, fastened with side- 
rings like those of the driving wheels. It is conical, with a taper at the 
rate of 3/i6 inch in 5 inches, or i in 27. Each wheel is fixed with one key, 

1 ^ inches by ^ inch. 

The boiler-shell is of Krupp iron. The barrel is 10^ feet long, con- 
structed telescopically, in three rings of plates, each ring one plate, dimin- 
ishing in diameter from 4 feet 3 inches inside at the fire-box end, to 4 feet 
^ inch at the smoke-box end. The thickness of the rings is successively 
]4 inch at the firebox-shell, 9/x6 inch, and ^ inch at the smoke-box. The 
greater thickness at the smoke-box is designed to meet the stress of the 
frame where the attachments are made, through the smoke -box. The 
firebox -shell is 5 feet long, 3 feet 11^ inches wide at the lower part, 
outside measure. The upper part of the shell is turned to a radius of 

2 feet 6^ inches inside, concentrically with the barrel It is of J^-inch 
plates, except the front plate, which is ^ inch thick. This plate is flanged 
with a radius of i ^ inches inside, to join the barrel with a double-riveted 
joint. The back plate is flanged with a 3-inch radius, to join the covering- 
plate, with single-riveting. The barrel is joined to the smoke-box tube- 
plate, ^ inch thick, with an angle-iron ring 4j^ inches on the barrel, 
^ inch thick, double-riveted; and 3j^ inches on the tube-plate, ]/i inch 
thick, single-riveted. The intermediate circular seams of the barrel are 
single-riveted. The longitudinal seams are double-riveted, with a welted 
butt-joint. The riveting is made with '3/i6-inch rivets, at i^ inches of 
pitch, for both single-riveting and double-riveting; lapped 2^ inches for 
single seams; and 3^ inches for double seams, except for welts, which 
are lapped 3^ inches. Rivets are partially countersunk into each lap, 
and are finished with cup-heads. The rivets uniting the tube-plate to the 
angle-iron are formed with a deep countersink at each side of the joint 

The steam-dome, mounted on the top of the firebox-shell, is of 5^ -inch 
metal, 18 inches in diameter inside, 2 feet 2 inches high. It consists of a 
seat single-riveted to the boiler, flanged to join the upper part, which falls 
in at the top and is flanged to seat the safety-valves. The opening into 
the firebox-shell is 19 inches in diameter. 

The smoke-box is 2 feet 8"/i6 inches long inside, turned to a radius 
of 2 feet S 7i6 inches at the upper part. The tube-plate is flanged entirely 
round its border, and is riveted to the side frame-plates and to the 
horizontal transverse plate, over the bogie, which forms a bottom for the 
smoke-box. The covering-plate, 5/i6 inch thick, is joined with welts to the 
longitudinal frame-plates. It is riveted to the tube-plate with ^-inch 
rivets, countersunk at the outside, and to the front plate, 7/16 inch thick, 
with 2 14 -inch angle-iron and 5'^-inch rivets, at 2}i inches of pitch. The 
chimney is of 3/i6-inch plate-iron, the >iiding 12 feet 8 inches 

above the level of the rails. The b? wrought iron; the top 
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f copper. It is lined to a diameter of ijj^ inches inside at the lower 
id, tapering to 14^6 inches at the top. 

The firebox-shell is supported by side angle-irons on the main frame- 
platcs, on which it is free to slide by expansion and contraction. It is 
held centrally between the frame-plates by a joggle connection at the 
back plate, under the fire-door, in which a joggle of wrought iron riveted 
to the shell enters a corresponding recess in a wrought-iron piece let into 
and fastened to the back of the cast-iron platform. Thus the exact 
alignment of the boiler and the frame is secured, whilst there is freedom 
for longitudinal expansion. 

The fire-bo.x, figs. 879, is of copper plates, ^4 inch thick, except the 
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tube-plate, which tapers in thickness from J^ inch at the lower edge to 
}i inch at the tubes. The covering-plate, in one piece, is single-riveted 
to the back and front plates. The fire-box is 4 feet 3J4 inches long inside 
at the base, 3 feet 3j^ inches wide, with 3-inch water-spaces, which expand 
upwards, with the taper of the fire-box, to 4 inches at the back, and 
3j^ inches at the front. The sides lead into the top with a curve of 8-inch 
radius. The fire-box is stayed to the shell with ?^-inch copper stay-bolts, 
at 4-inch pitch, screwed for their whole length, 1 1 threads per inch, and 
headed over at each end ; and is joined at the bottom with a solid wrought- 
iron foundation ring, 2^ inches by 3 inches, and single-riveting. The fire- 
box is also stayed with seven wrought-iron palm-stays riveted to the lower 
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screws passed through the tube-plate are screwed. The roof of the fire-box 
is stayed with four pairs of wrought- iron stay-bars, each 6 inches deep, 
2 inches thick, i ^ inches clear of the roof, but fitted to bear on the front 
and back plates, and fastened to the roof-plate with ten intermediate i-inch 
screws, entered from below the plate, and thimbles between the plate and 
the stays to take the stress. The stays are 4}i inches apart between 
centres, and each pair is linked with two links and i)^-inch pins to two 
transverse T angle -irons, 5 inches by 3)^ inches, riveted to the shelL 
These irons are fixed close to the opening made into the dome, and 
strengthen the shell at that place. The back plate of the firebox-shell is 
also stayed to the barrel, with eight iJ5^-inch rods, screwed into eyes on 
palm-stays riveted to the barrel. 

The fire-doorway is i S inches wide, 1 3 inches high, made with a solid 
iron ring, 2}^ inches thick, fitted between the plates of the fire-box and 
the shell, single-riveted. 

The fire-box is fitted with D. K. Clark's smoke-prevention apparatus, 
consisting of a row of eight copper air-tubes, 3 inches in diameter externally, 
pitched at 4^ inches, across the front and the back water-spaces, with a 
steam-pipe ranged outside each row, from which a jet of steam can be 
discharged through each opening, when required for stimulating the air- 
currents through the tubes into the fire-box, above the fuel, amongst the 
combustible gases. Each tube is turned over at the ends, and is fastened 
into the plates of the fire-box and the shell by a ferule at each end. 

The fire-bar frame is pivoted on the back end, and is raised and 
lowered by a lever movement worked by a screw. The ash-pan is 12 inches 
deep at the front and 1 5 inches at the back, with a damper at each end 
adapted to the slope of the bottom of the fire-box. 

There are 206 brass flue -tubes, i^ inches in diameter externally. 
No. 12 wire-gauge in thickness at the fire-box, tapered to No. 14 gauge 
at the smoke-box; pitched at 2^ inches, and therefore ^ inch clear of 
each other; arranged in vertical rows. At the smoke-box end, for a length 
of 3 inches, they are enlarged to I's/jg inches in diameter; and at both ends 
the tubes are a tight fit in the tube-plates, over which they are turned at 
the ends. They are fastened with ferules v/^s inches long into the fire-box 
tube-plate, which project }4 inch from the ends of the tubes, to allow of 
being driven up when needful. The flue-tubes are not horizontal; they 
incline upwards towards the smoke-box, where they are i inch higher 
than at the fire-box. 

The horizontal steam-pipe within the boiler is of 3/i6-inch copper, 
4j4 inches in diameter, taking steam from the upper part of the dome. 
The upright portion in the dome is of cast iron, }4 inch thick, and it 
supports a brass double-beat valve, S/4 inches in diameter, which is opened 
by shifting it vertically in the case, figs. 880. The " '* by 

a shallow ledge, the upper edge of which consis* 
winding each half-way round the circle, w' 
formation, the opening for steam, which 
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the supply of steam are gradually increased as the valve is lifted 
level of ^i inch above the seat. When the valve is raised above this level, 
steam is freely admitted all round the lower valve. The upper valve is 
formed with a cylindrical extension of j4 inch 
downwards, which exactly fits and slides in the 
case ; and it is only when the valve is elevated at 
least }4 inch that steam can enter that way, in 
addition to the steam by the lower valve. By this 
combination steam is admitted into the steam- 
pipe in a gradual manner, as the valve is raised: 
— first gradually, by the lower valve, and after- 
wards, as the valve continues to be lifted, by the 
upper valve as well as by the lower valve. 

The regulator-valve is moved by a link from 
a short arm, iji inches long, on the shaft, which 
has a bearing in a socket formed in the base of 
the cast-iron pipe, and passes through a stufling- 
box to the back of the fire-box, where it is fitted 
with a double hand-lever of two 1 8-inch arms. 

The steam-pipe is formed with a brass conical end to join the cast-iron 
pipe; and a brass flange at the other end, by which it is bolted to a cast- 
iron double-branch steam-pipe in the smoke-box, from which steam is 
conducted through two branch copper pipes, 4 inches in diameter, No. 7 
wire-gauge in thickness, to the cylinders at the right and the left. 

There is a pair of direct-action safety-valves, of gun-metal, figs, 881, 



ted to a ^1 





3 a gun-metal seating, boiled to the top of the steam-dome. The opening 

the dome is g}i inches in diameter, and the seat is fastened to the dome 

I fourteen 5i-inch stud-bolts and nuts. The seats of the valves are 

lontal, the valves lapping 3/16 inch over the seat Each valve is guided 
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' leaves in the cylindrical seat, and is formed as a hollow cone on 

mpper side, to give a bearing to the lower end of the spring, below the 

Icvrf of the seat of the valve: so inducing stable equilibrium. Each spring 

is of Ji-inch round steel, coiled as a double spiral, of maximum diameter 

At the middle of its height, tapering upwards and downwards to two 

I points, which take their bearings, one in the valve, the other in a hollow 

I bearing formed in a lever above. The two valves with their springs are 

placed at 6j^-inch centres, and the fulcrum of the lever is midway between 

them. The fulcrum is a gun-metal casting, formed with two i-inch round 

studs, on which the lever takes a bearing. The lever is of wrought iron, 





I 



19 inches long, from the fulcrum; and is moved, when necessary, by a 
hand-lever within reach of the engineman, connected to it by a small rod. 

The safety-valves are loaded to a working pressure of 150 lbs. per 
square inch. The boiler was tested In steam to a pressure of 160 lbs., 
and by water to 200 lbs. pressure. 

The boiler is coated with silicate cotton, and yellow-pine clothing cased 
with sheet iron. 

The cylinders, fig. S82, are 175^ inches in diameter, with a stroke of 
26 inches. They are 6 feet 2j^ inches apart between centre-lines, and 
they overhang the side frame-plates 12 inches, measured from the centre- 
line to the plate. The outer side frame-piate is Syi inches beyond 
the centre-line; and as the cylinder is bolted to both plates, it not only 
receives but also gives solid support. Besides, the cyUnders and the frame- 
plates are solidly bound together by the massive i-inch plate, already 
noticed, inserted horizontally between the cylinders and the plates, over 
the bogie connections. 

The cylinders are of i-inch metal, except at the steam passages, where 
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it is ^ inch thick. The outer cover is of );f-inch metal; so also are the 
steam passages, except at the top and bottom, where they are J4 inch 
thick. The valve-chest is of i-inch metal at the top and bottom, and 
Jft-inch metal at the ends; the cover is }i inch thick. The cylinder is 
fastened to the main frame-plate ivith ij^-inch flanges, and i^-inch bolts 
and nuts — five through the top flange, and four through each end flange, 
or thirteen in all — and to the outer frame-plate with i-inch flanges and 
six I-inch countersunk bolts and nuts. The outer end flange of the 
cylinder is ij^ inches thick, to which the cylinder-cover is bolted with a 
l^-inch flange, and thirteen ^-inch stud-bolts and nuts, pitched at about 
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4j4 inches. The inner flange is l'/i6 inches thick, having an opening 
8 inches in diameter, closed by a cover i% inches thick, with four l-inch 
stud-bolts and nuts. The opening of the valve-chest is i6 inclies by 
I3J^ inches, and is closed with sixteen J^s-inch stud-bolts and nuts, pitched 
at 4 inches and 4^ inches. The end lid of the valve-chest, f}i inches 
thick, is fastened with fourteen ^-inch stud-bolts and nuts, at 3>^ inches 
of pitch. 

The steam-ports are ij^ inches by 131^ inches, and the exhaust-port 
is 3 inches by 135^ inches, rounded at the ends; giving 20j<j; square inches 
and 40"^ square inches of area respectively, or about '/lath and J^th of 
the area of the cylinder. The bars between the ports are i J^ inches thick. 

The steam is exhausted from each cylinder through an exit opening 
4 inches by 7 inches, joined to the exhaust-pipe. The two exhaust-pipes 
are united at the upper part, forming one pipe, finished with a 4>^-inch 
brass nozzle, terminating at a level 2 inches above the uppermost flue-tubes 
and 25^ inches below the entrance to the liner in the chimney. 

Each cylinder is fitted with one pair of guide-bars, of Krupp crucible 
steel, figs. S83, one above and the other below the crosshead; 11 3^ inches 
apartr s inches wide, i^ inches thick at the ends, swelled X.q 2% inches at . 
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the centre; fastened with two i J^-inch stud-bolts and nuts to the cylinder- 
cover, and one i^-inch bolt and nut to the motion- plate, with ^-inch 
brass liners. The total length of the bars is 3 feet y% inches. A brasa 
oil-cup, i}i inches in inside diameter, is screwed into the upper bar at 
mid-length. 

The piston, fig. 882, is of cast iron, in one piece, 3}^ inches wide at the 
rim and at the nave, and of the minimum thickness i ^ inches near the 
rim, thickened up to 3j^ inches at the nave. The piston is fitted with 
two packing-rings of cast iron — cylinder metal — '3/,6 inch wide by ^ inch 
thick, let into two grooves. They are turned to a diameter J^ inch lai^r 
than the cylinder; a piece is cut out of each ring, and the rings are sprung 
into their places. The piston rod is of crucible steel 25^ inches in dia- 
meter, formed with a conical end 3^ mches m diameter tapered, at the 
rate of 1 in 2^, to 2^ mches, let mto and through the piston and fastened 
with a brass nut on the end 2% mches thick secured by a split cotter 
through the end of the rod The stuffing box gland is made with an inside 
annular wearing-piece which may be renewed without renewing the body 
of the gland. 

The crosshead figs 884, is of crucible steel forked solid forged with 
the piston-rod. It has a 3 inch steel gudgeon let into the forks with coni- 
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cally formed seats, fastened with a nut at the outside. The journal is 
3 inches long. The guides are 14 inches long and 5 inches wide on the 
guide-bars, one above and one below the crosshead, to which they are 
fastened by keys. 

The connecting-rod, figs. 885, is of wrought iron, one solid forging, 
6 feet ij^ inches long between centres, or 5.65 times the length of the 
crank. It is 1 5^ inches thick in the body, by 3 inches deep at the cross- 
head end, expanding to 4 inches deep at the crank end. At the crosshead 
end the bearing is 3 inches in diameter, 2"5/,6 inches long. The brasses are 
of phosphor-bronze, the uuter brass being f^ inch thick at the bend, formed 
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from below The end is 3j^ inches thick, i J^ inches wide above and below 
the brasses, increased to i'/i6 inches at the adjusting screws At the 
crank end the bearing is 3j^ inches in diameter 3'S/,6 inches long. The 
brasses are square, front and back; the outer brass is ^ inch thick at the 
end, and the inner brass is ij^ inches thick at the back. The brasses are 
lapped with )^-inch flanges on the faces of the end, which is 2^ inches 
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thick. They are tightened with an ordinary cotter of steel, 12).^ inches 
long, 9/,6 inch thick, tapered from 2 inches to i^i inches wide, at the rate 
of about I in [9; secured with two j^-inch steel set-screws. The end is 
I J^ inches thick above and below the brasses, rounded to 1 5^ inches thick 
at the head, in the centre-line of the rod. An oil-cup is formed on each 
end- The ends are case-hardened. 
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The coupling-rods, figs. 886, are 8 feet long between centres, bushed 
with phosphor-bronze bearings, 4^ inches in diameter, 2'5/is inches long. 
The bushes are circular, each in one pieces ^ inch thick, fastened in [dace 
with a dovetail steel key, ^ inch by 7/ie inch, and secured with a ^-incb 
screw through the eye of the rod, fnnn 
below, the end of which is lodged in a hole 
in the bush. The eye at each end of the rod 
is 2^ inches thick, 9 inches in diametet; 
making 1 ^ inches of metal round the bush, 
with an oil-cup foiled on. The body of 
the rod is of uniform section, i^ inches 
thick, 45^ inches deep. 

The slide-valve of each cylinder, 
fig. 882, is of gun-metal, having 1 1/,6 inches 
of lap at each end. The travel in full gear 
is about 4}4 inches, the lead is }i inch, and 
steam is cut off at 76^4 per cent It is 
balanced on Thomas Adams' system, 
formed with a circular recess at the back, 
which is occupied by a cast-iron piston 
having one packing-ring, in one piece with a flat backing, which slides on 
the inner side of the valve-chest cover. The steam is in this way prevented 
for the most part from pressing on the back of the valve. The face of the 
valve is 16 inches by 10^ inches, making an area of 170 square inches. 





against the area of the balance-piston, lOj^ inches in diameter, 82,5 square 
inches. The area of the balance-piston is equal to i.io times the area 
of the cavity of the valve: a proportion which is said to answer well.' 

' The Aitams valve has been used on olhet railivays. 
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The valve-spindle is of wrought iron 1 1( inches in diameter, working 
through a stuffing-box at each end of the valve-chesL 

The valve-motion is the ordinary shifting link-motion, the expansion- 
iink being lifted by the middle. The eccentric- rods, figs. 888, are each 
5 feet I inch in length ; the eccentrics, figs. 887, have each a throw of 
6}4 inches. They are set on the shaft at 105° for the forward eccentric. 
106° for the backward eccentric; the expansion-link, figs. 889, is 18 inches 
long between its end centres to which the rods are pinned, curved to a 
radius of 5 feet i inch, the length of the rods; the lifting-link is 14 inches 
long, pinned to a is-inch arm on the reversing shaft. The following tablet 
shows the distribution for four notches of the sector: — 

Distribution: — Forward Gear. 
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The eccentrics, figs. 887, are each in two parts to join round the axle: 
the smaller of wrought iron, the larger of cast iron, fastened with iJ/^-inch 
cotter-bolts. The body of the eccentric is 16 inches in diameter, 2Si inches 
wide, notched out at each side. The eccentric-strap, fig. 888, is of wrought 
iron, 2^ inches wide, indented ^ inch in the middle to receive a liner of 
cast iron, }i inch thick ; having i inch of minimum tliickness. The strap is 
in halves, joined with two i "^-inch bolts and nuts. On one half an oil-cup 
is formed; the other half is made up with a flat face, 8j^ inches by 
2j^ inches, to which the end of the eccentric-rod is fastened, with a palm 
t% inches thick, and two ij^-inch stud-bolts, washers and nuts, with a 
safety-cotter. The eccentric-rod is ^ inch thick, 3;4 inches wide at the 
eccentric end, tapered to a width of 2j^ inches at the link end. It is forked 
to take the link with a i^-inch pin. The expansion-link, figs. 889. is 
2J-4 inches thick; the slot is 2^ inches wide, in which the movable block 
or die is 4',i inches long. Two stud-brackets are riveted on the sides of 
the link, at the centre, having i4-J^-inch stud-pins for suspension. The 
transverse reversing-shaft is 3% inches in diameter in the body; 3 inches 
at each end, with journals 3 inches long, carried in cast-iron bearings bolted 
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to the main frame-plates. The link and its accessories are balanced by two 
cast-iron counterwei^ts, 9 inches square, 6 inches thick, bolted to arms on 
the reversing-shaft The reversing-rod is 12 feet ioj4 inches long, having 
i^-inch connecting-pins at the ends. It is ^ inch thick, 2}^ inches deep 
at each end, expanded to 4 inches in 
depth at the middle. The reversing- 
lever is ^ inch thick, 4 feet 7 inches 
long, the fulcrum being at the lowerend, 
and the reversing-rod being pinned to 
the lever at a distance of 15 inches 
above the fulcrum. It is made with a 
spring detent to notch into the sector, 
which has a radius of 27 inches. A 
treadle is solid with the reversing-lever, 
from the same fulcrum, in order that 
the manual power may be aided by 
the weight of the body. 

A sand-box is fixed to the splasher- 
cover of each driving-wheel. A steam> 
break, actuated by means of a 9>4-inch 
single-acting steam-cylinder, is appli- 
cable to each of the four coupled 
wheels, through arms on a transverse shaft, 14 inches and 7 inches long — 
as 2 to I — and hangers, to the lower ends of which the pull is applied, 
making a leverage of 2 to i on the cast-iron break -blodcs. Thus the 
leverage of the piston on the break blocks is {2x2=) 4 to i. 
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Tender. 

The tender, figs. 890, is constructed to hold 1950 gallons, or S.70 tons, 
or 312 cubic ftet of ivaler; and has capacity for 160 cubic feet of fuel, or 
about 3J-a tons of coal. It is on three axles and six wheels 3 feet 7J4 
inches in diameter, equally spaced on a wheel ■ base of 1 1 feet The 
weight empty, as already stated, is 15 tons; the weight fully loaded with 
fuel and water, is, according to the above estimation, (8.7 + 3.5 = ) '2.2 tons 
more, or, for a round number, 12 tons, making a total maximum of 27 tons, 
averaging 9 tons per pair of wheels. 

The frame is 17 feet H inch long at the outside. 7 feet 9 inches wide; 
and it stands 4 feet i inch high above the level of the rails. It is composed 
of two main longitudinal J-S-inch frame-plates, 5i^ inches deep, to which 
the axlebox-guides are fastened, and two >i-inch outer longitudinal plates, 
made 8 inches deep, for the sake of uniformity with the frame of the engine; 
with eight transverse plates, united with angle-irons. It is stiffened by two 
diagonal bars 4 inches by ;4 inch thick. The axles are of steel, 5 }4 inches 
in diameter at the middle, enlarged to 6j^ inches at the backs of the wheel- 
naves; 7 inches in the wheel, tapered i in 100, to 6=9/3, inches at the outer 
end of the nave, with outside journals, 5 inches in diameter, 10 inches long, 
at 6-feet-3-inch mid-lengths on the axle. The wheel-nave is 9 inches wide, 
14J4 inches in diameter, making 334' inches of metal round the axle. The 
tyres arc 5j^ inches wide. 3 inches thick. The springs, one over each axle- 
box, are j'/i feet in span, each composed of nine ^-inch plates and one 
}i-inch plate, 5 inches wide, bearing through a iJ4-inch pin on the axle- 
box. The tender is connected to the engine at a fixed distance, with a 
2)4-inch draw-bar and a 2^^-inch pin, and bears on the back of the engine 
platform by means of two cup-headed spring buffers, 3 feet 4 inches apart, 
lodged in corresponding cup-shaped recesses in the platform. The buffer- _ 
rods take a bearing on a 25-pound volute spring to each, by the resistance 
of which the engine and tender are taut with respect to each other; at the 
same time that, by the engagement of the cup-form buffer-heads in the 
engine platform, the two vehicles are maintained in proper alignment 

The tank is 16 feet 4% inches long, 7 feet 2 inches wide, outside 
measure; 3 feet 2 inches high at the back, sloping downwards to 2 feet 
6}4 inches at the fronL The sides are extended upwards, and form a 
coping to a height of 4 feet i}i inches, making stowage capacity for 
fuel: standing 8i^ feet above the level of the rails. 

A screw-break is fitted to act on all the wheels, a wood block being 
applicable at the back of each wheel. The screw is 2 J^ inches in diameter, 
of J^-inch pitch. It is vertical, and pulls an arm 13 inches long on a 
transverse shaft through which, by the medium of short arms, 4 inches 
long, the force is transmitted by rods to the lower ends of the break- 
hangers. The force applied by hand to the hand-Icver of 9 inches radius, 
is multiplied as follows: — One turn of the handle through a circle of 
9-inch radius, or 56,5 inches, moves the nut through j4 inch on the screw, 
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in the ratio of 113 to l. By the arms on the transverse shaft the move- 
ment is reduced as 14 to 4, or as ij4 to i ; and the leverage of the hanger 
on the middle of the block is as 31 inches to 23 inches, or as 1.3; 




m^ Combinmg these ratios the resultant ratio is as (113x3^^x1 35 = ) 534.1 

I to I The gross weight of the tender is as already stated 27 tons an(^l 

I taking the maximum adhesive force on the rails at one fifth of the weighty 

L""" " "' 
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22.6 pounds the required net stress at the handle to skid the wheels. In 
addition, the frictional resistance is to be overcome. 

A buffer-beam, buffers, drawhook and spring, are applied at the back 
of the tender, as to the front of the locomotive, with a screw-coupling. 

The price of the engine was £1775, or £4g, 13s. per ton of weight; that 
of the tender was ;^400, or ;^26, 13^. per ton; and the price of the engine 
and tender together was ;^2I7S, or £4$ per ton. 



Chapter LXIV.— SINGLE-WHEEL EXPRESS PASSENGER 

LOCOMOTIVES. 

DESIGNED AND CONSTRUCTED BY MR. PATRICK STIRLING, FOR THE GREAT 

NORTHERN RAILWAY. 

L OUTSIDE-CYLINDER LOCOMOTIVE. 

PLATE XV. 

(Cylinder 18 inches in diameter; stroke 28 inches; wheels 8 feet i inch in diameter; gauge 

of way 4 feet 8^ inches.) 

The class of single-wheel locomotive for express traffic, third figure on 
Plate XV., and figs. 891 and 892, annexed, designed and first constructed by 
Mr. Stirling in 1869, is one of the most recent developments of the single- 
wheel engine; and there are now upwards of forty such engines running the 
heavy and high-speed express trains. It is placed on eight wheels — four in 
a leading bogie, one pair of driving wheels, and a pair of carrying wheels 
behind. The cylinders are horizontal, placed outside the longitudinal 
frame-plates, between the wheels of the bogie, at each side. The axles are 
constructed for inside bearings. 

The driving wheels are 8 feet i inch in diameter. The trailing wheels 
are 4 feet i inch in diameter. The bogie wheels are 3 feet 1 1 inches in 
diameter, and the bogie-axles are placed at a distance apart of 6^ feet 
between the centre-lines. The bogie is not pivoted centrally between the 
axles; the pivot is, on the contrary, placed 3J^ feet behind the leading 
axle of the bogie, and is only 3 feet in front of the hind bogie-axle. The 
effect of this unequal distribution is to apportion the load on the bogie, so 
that the less weight is on the leading bogie-axle and the greater weight 
is on the hind bogie-axle — so graduating the load up to the maximum 
weight on the driving wheels. In this way the weight of the engine, in 
working order, 45 j^ tons, is so distributed : — 

Tons. Cvrts. 

leading bogie Wheels, ) ^^^^ ^^ ^^ f 8 2 

Hind do. ) I 9 9 

Driving wheels, 17 o 

Trailing da 10 12 

45 3 
As Mr. Stirling intelligibly puts it, " The bogie in front carries a compara- 
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lively light weight on each wheel, but quite sufficient to solidify the road 
before the driving wheels come on the rails, and thereby put the rails in the 
best position to carry the weight of the large wheels." It may be added 
that the load at the trailing wheels also has its importance: it holds down 

the rails behind the dri- 

vers, as the load on the 
bogie wheels does in 
front Thus a long and 
comparatively steady 
bed is made for the en- 
gine. " The engine," Mr. 
Stirling adds, "seems to 
have plenty of adhesion 
for the size and power 
of the cylinders, and 
does not slip more than 
coupled engines under 
similar circumstances ; 
and, with a slight appli- 
cation of dry sand, slip- 
ping is entirely pre- 
vented." The weight, 
17 tons, on the pair of 
driving wheels would be 
excessive, and would no 
doubt overtask the power 
of resistance of rails of 
iron. But the rails on 
the Great Northern Rail- 
way, as on other leading 
lines, are of steel, and, 
as Sir John Fowler said 
" Mr. Stirling, with great 
judgment, has taken ad- 
vantage of this altered 
condition of things, and 
has put 15 tons (now 17 

tons) on the single driving wheels of the Great Northern engines."^ The 
weight on the driving wheels, it is stated, does not appear to be objection- 
ably heavy. These large engines are the least fatiguing to the road. 

The bc^ie-axles, it has been said, are 6j4 feet apart; the distance from 
the pivot of the bogie to the driving axle is 10 feet g inches, and from the 
driving axle to the trailing axle, 8 feet 8 inches, making a total wheel-base 
of (3 feet 6 inches + io feet 9 inches-|-8 feet 8 inches = ) 22 feet II inches. 
' Discussion on Mr. John Robinson's paper, in the Pnaedit^ of ihe ImHtution ef Cm'd 
Enginiers, 1873-74; 'Ol- M"viL pag« 33. 
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Reckoned from the pivot of the bogie the wheel-base is 19 feet 5 inches in 
length. 

There is another advantage derived from the backward position of the 
bogie-pivot: that the bogie leads better in having the leading wheels more 
in advance than if the pivot were equidistant from the axles. Not only 
do the leading wheels turn to the curve with greater facility, but the hind 
bogie-wheels make less transversal movement towards the outer rail, and, 
in so much, the guiding of the engine is eased. 

The frame consists of two longitudinal frame-plates of iron, i J^ inches 
in thickness, 18^ inches deep at the firebox-shell, united transversely by 
cross-plates. There is no cross motion-plate; the frame-plates are suffi- 
ciently stiff without it The buffer beam is of oak. The side frame-plates 
of the bogie are of iron, i inch thick. The bogie-centre is of Siemens- 
Martin cast steel. 

The wheels and axles are of cast steel throughout The carrying axles 
are 5 ^ inches in diameter at the middle, enlarging to 6^ inches at the 

journals. The journals are concave 
in section, the profile being struck 
with a 30-inch radius, as shown in 
fig. 893. The concave journals 
are proved to be of decided ad- 
vantage as a preventive of undue 
lateral movement, and obviating 
grinding friction on the axleboxes. 
The axles run for several years in 
good order. The journals of the 
bogie-axles are s}^ inches in dia- 
meter, by 9 inches long; those of 
the trailing axle are 5 ^ inches by 
10 inches. The driving axle is 8 J^ inches in diameter, having two cylindri- 
cal journals, S}4 inches in diameter, 8 inches long. 

The tyres of the wheels are let on with a fillet, and secured to the 
wheels with i-inch screws, let in from the inside of the rim. The tyres 
are S^i inches wide, 2^ inches thick, and the tread is sloped at the rate of 
I in 19. The rim of the driving wheels is 2 inches thick, and is carried by 
24 spokes, which are pitched at 1 1 ^-inch intervals on the rim. 

The guide-blocks for the axleboxes are of cast iron, except those for 
the driving axleboxes, which are of steel, and are wedge-shaped. 

The bearing springs deflect at the rate of s/i6 inch per ton of 
load. 

The barrel of the boiler is of }^-inch Yorkshire plates, in three rings 
lapped telescopically, 4 feet 2 inches, and 4 feet in diameter — widest next 
the fire-box, 1 1 feet 5 inches long. The longitudinal seams are double- 
riveted, and the transverse seams are single-riveted. The tensile strength 
at the seams is taken as 70 per cent and $6 per cent, respectively, of the 
normal strength of the plates. The working pressure in the boiler is 




Fig. 893.— Great Northern Railway: Express Locomotive 
Trailing Axle. Scale i/x6th. 
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140 lbs. per square inch. The factor of safety for the boiler is 4.80. The 
ends of the shell are stayed with tie-rods pinned to one of the ring-plates — 
an arrangement whicli is preferred to through tie-bolts, which are liable 
to rupture. A mud trap at the bottom of the barrel forms the entrance 
into the boiler when the tubes are removed. The centre-line of the boiler 
is 7 feet 3 % inclies above the level of the rails. 

The fire-box is of copper plates, of which the tube-plate is J^ inch 
thick, the back plate ^ inch, and the covering plate J^ inch. The roof is 
stayed to the shell with ^-inch wrought-iron stays placed nearly radial to 
the curves. The fire-box is constructed with a sloping mid-feather pro- 
jected from the tube-plate, below the tubes, reaching more than half-way 
over to the doorway. The combustible gases are de6ected towards and 
mingle with air coming from the doorway under a deflecting plate. 

There are 217 brass flue-tubes, pitched at 2^ inches, i9/,6 inches in 
diameter outside, No. 11 gauge in thickness at the fire-box, tapered to No. 
I J at the smoke-box, ti feet g inches long between plates. The ends of 
the tubes are fastened by simple drifting, with ferules in the fire-box ends. 
Mr. Stirling's reasons for the adoption of tubes of so unusually small a 
diameter were " to bring the columns of heated air more close to the 
water; and to prevent such large pieces of coal being thrown out of the 
chimney." 

The area of the fire-grate is 17.G square feet The heating surface is, in 
the fire-box, 122 square feet; in the tubes 1043 square feet; together 1165 
square feet, or 66 times the grate-area. 

The steam-pipe within the boiler is 4^ inches in diameter, perforated 
for collecting steam with 400 holes s/,6 inch in diameter, pitched at 9/,6 
inch, and extending to within 3 feet from each end of the boiler. The pipe 
is jointed with an unusually long lap, for the sake of stiffness. 

The two safety-valves, fig. 894, are 3 inches in diameter, having a flat 
scat They are held by a helical spring of J^-inch 
round steel. 

The fire-bars are of cast iron, Jfi inch thick, with 
J^-inch air-spaces. 

The cylinders are of i-inch metal, 18 inches in 
diameter, with a stroke of 28 inches. The steam-ports 
are 14 inches by i}4 inches, and the exhaust-ports 
are 14 inches by ^l4 inches, having areas respectively 
Via.3 P'H'ti and '/5.3 part of the area of the cylinders. 
The joint of each valve-chest cover follows the centre- 
line of the valve-spindle, so that, when the cover is ^^^sufeiy-riiiw. sc*i> 
removed, there is ready access to the valve-face of 
the cylinder. The valve-gear is of the shifting-link type. The expansion- 
links arc 16 inches long between the end-centres. The throw or double- 
radius of the eccentrics is Gj^ inches, and die maximum travel of the valves 
is 4)4 inches. They have i )-^ inches of lap, and }i inch, fully, of lead ; and 
the maximum cut-olT is 90 per cent In ordinary working the steam is 
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cut off at 30 per cent of the stroke. The smaller ends of the connecting- 
rods are fitted with solid gun-metal bushes, with which, without renewal, 
the engines have run a distance of more than 50,000 miles. 




h 
h 



if 



The tender for this locomotive is carried on six wheels 4 feet I J4 inches 
in diameter. It weighs, empty, 19 tons 2 cwts,, and has capacity for 3000 
gallons or 1 3.4 tons of water and 5 tons r uUy loaded 



1 


STIKLIKG'S OUTSIDE-CVLINDER EXPRESS LOCOMOTIVE. 5^3 ^| 


tender, a gross weight of 37^ tons. For the locomotive and tender ^| 


together, the gross maximum weight amounts to 8o>4^ tons. ^| 
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kept. On one occasion, it is stated, a 


distance of 15 miles was accomplished in twelve minutes with a train of ^M 


16 carriages, making a speed of 75 miles per hour. A train of 33 car- ^^H 


riages, full of passengers, has been taken from Doncaster to Scarborough ^^M 
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and back at a speed of 45 miles per hour, with a working steam-pressure 
of 140 lbs. per square inch. With trains averaging 16 carriages of from 




10 to 12 tons each, the consumption of coal has been 27 lbs, per mil^ 
including the fuel for getting up steam and for piloting. 

The 8-feet-wheel engines are capable of moving a gross weight, cc 
prising engine, tender, and train, of 356 tons on a level, at a spec' 
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45 miles per hour. The average results of the regular performance of 
seven such engines between Doncaster, Peterborough, and London, for the 
third quarter of 1884, show that a train of 12 six -wheeled carriages, 
weighing 13 tons each, was taken at a speed of from 50 to 53 miles per 
hour, for a consumption of 25 J^ pounds of coal per mile run, and five pints 
of oil per lOo miles run. 

According to Mr. Stirling's more recent modifications of the outside- 
cylinder locomotive {1887),^ the flue-tubes were reduced in number from 
217 to 174, and increased in diameter from i»/,6 inches to i J^ inches. The 
feed-water is delivered at the back of the firebox-shell, and conducted 
inside by a tube to a place about the mid-length of the barrel of the boiler. 
A pair of Timmis's helical springs, under each driving axlebox, has been 
substituted for plate springs. The grate-area is 175^ square feet ; the fire- 
box heating surface is 109 square feet, and the tube surface is 936 square 
feet, making together 1045 square feet, or S9 times the grate-area. 

IL INSIDE-CYLINDER LOCOMOTIVE. 

Mr. Stirling lately (1888) designed and constructed a class of express 
locomotive, figs. 895 to 899, 
having inside cylinders, l8j^ 
inches in diameter, with a 
stroke of 26 inches, a single 
pair of driving wheels, 7 feet 
71^ inches in diameter, a 
single pair of leading wheels, 
4 feet 1 '/i inches in diameter, 
and a pair of hind wheels of 
the same size. The wheel- 
base is 19 feet 1 inch in length 
The boiler is of the same 
size as in the 8- feet -wheel 
engine, having 186 flue-tubes 
Ij-^ inches in diameter, ^i 
inch apart, 1 109.7 square feet 
of heating surface, and 18.4 
square feet of grate. The 
reason for constructing this 
new class was that they are 
less costly to construct and 
maintain than the 8-feet- 
wheel engines, although in no 
other respect superior. The 
'onsumption of fuel is at the 

rate for asses, on the same duty. 




Fig 899 — Srirlir 



By dispensing 

1SS7, for illustmtions and description of Mr. Stirling'^ 



with the 
laconioUve 
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bogie in the new class, the weight of material in that respect is reduced 
by a few tons ; and it is argued, in consequence, that economy of fuel is 
not realized simply by the employment of the bogie in place of a single 
pair of wheels. The engine weighs in working order 44 tons; the tender, 
with 2900 gallons of water and 5 tons of coal, 30 tons. The consumption 
of fuel, during the race to Edinburgh in the summer of 1S88, with a train 
load of 120 tons, was at the rate of 22.6 lbs. per mile, including fuel for 
raising steam. ■ 



Chapter LXV.— THE RAILWAY RACE TO SCOTLAND. ^ 

In the summer of 1888, the three great metropolitan railway com- 
panies that start from Euston Square, St. Pancras, and King's Cross, with 
one consent determined to beat their own record, culminating in the 
" Race to Edinburgh." The average speeds, reckoned inclusive of stoppages, 
and the average actual running speeds, are given in the following table. 
No. 181. The maximum running speeds attained between stopping sta- , 
tions are added; — U 

Table Na 181. — Railway Race to Scotland, 1888. n 



Railway. 


JoLiBty. 


UR.OB 


Slnppages. 


fillnnl^g 


1%™" 


L. and N.W.R., West Coast Route; 

Euston to Edinburgh 

Euston to Glasgow 

Midland Ry.: 

St. Pancras to Edinbui^h 

St. Pancras to Glasgow 

G.N.R, East Coast Route: 

King's Cross to Edinburgh 

King's Cross to Glasgow 


400 J^ 

401 >^ 

413 

423 

392 ^ 

439K 


b. m. 

S 

8 57 

9 44 

9 23 

7 45 
9 45 


rnilHp-r 

50 
45 

41.4 

45 

50.66 

45 


49 

46K 

49 

Ik 


bour. 

Si-33 
S1.8 

S« 
S3X 



The locomotives selected for the racing competition deserve a special 
mention. On the London and North-Western Railway, an engine, the 
Waverley, of the class of the Lady of the Lake, having outside cylinders, 
was employed to run the train (four 8-whee! carriages, weighing with pas- 
sengers So tons) betiveen Euston station and Crewe. This class was 
designed by Mr. Ramsbottom, and exhibited in 1862. It has 1098 square 
feet of heating surface, 15 square feet of fire-grate, 17-inch cylinders with 
24 inches of stroke; and weighs 27 tons in working order. From Crewe 
to Carlisle, the train was taken by one of the Precedent class, four-coupled- 
wheel engines, designed by Mr. Webb. From Carlisle to Edinburgh and 
Glasgow, on the Caledonian Railway, the train was taken by one of Mr. 
Drummond's express engines, having a single pair of 7-feet driving wheels, 
with a leading bogie, i8-inch cylinders with a stroke of 26 inches; 
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1085 square feet of heating surface, 17.4 square feet of fire-grate; weight, 
42 tons. 

From St. Pancras, the single -driving- wheel express engines of the 
Midland Company, already described, page 503, were employed. 

On the Great Northern Railway, the inside-cylinder engine, with 
7j4-feet driving wheels, of 1S8S, already noticed, page 565, was employed 
in the race. On the North Eastern and North British systems the trains 
were drawn by one of Mr. Worsdell's compound express locomotives, to 
be described in a following section on compound locomotives. 



Chapter LXVI.— FOUR- COUPLED EXPRESS PASSENGER 
LOCOMOTIVE. 

DESIGNED AND CONSTRUCTED BY MESSRS. SHARP, STEWART, ft CO., 
FOR THE PARIS EXHIBITION, 1878, 

(Cytitideii 18 inches in diameter; stroke 35 inches; wheels 6yi fed; gauge of vaj 4 feet 8)i inches.) 

The six-wheel locomotive, figs. 900 and 901, constructed for the Paris 
Exhibition, 1878, and afterwards purchased by the Paris-Orleans Railway 
Company, is an excellent example of the prevailing style of four-coupled 
express passenger locomotive, with a pair of leading wheels, with bearings 
in fixed axle-guards. Several engines of the same type were previously 
constructed for the South-Eastern Railway. 

The cylinders are inside, the trailing wheels are coupled to the driving 
wheels, and these with the leading wheels are all placed well forward, in 
relation to the boiler, the leading axle being close to the cylinders, the 
trailing axle close to the firebox-shell, and the driving axle 25J^i inches 
in advance of the firebox -shell ; resulting in a wheel-base of 16 feet 3 inches, 
of which 8 feet 8 inches is placed between the coupled axles, and 7 feet 
7 inches between tlie leading and driving axles. The cylinders are inclined 
upwards towards the front, at an angle of i in 10, in order to clear the 
leading axle. The effect of this disposition is that the greater proportion of 
load is placed on each of the coupled axles, available for adhesion, and less 
than one-third of the total is placed on the leading axle, as shown by the 
following distribution : — 

Tom, Cwti Qti. 

EnginefuU: — Leading wheels .... 10 10 2 

Driving do la 14 2 

Trailing do 13 40 

Total 35 9 o 

Engine empty 32 3 i 

From this distribution of weight, it appears that the driving axle is in 
advance of the centre of gravity by 8^ inches. The method of calculating 
the position of the centre of gravity has already been exemplified, page 505. 
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The framing is of iron, constructed for inside bearings, and consists of 




two straight longitudinal -plates i inch thick. 



p in the body, 
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4 feet i)i inches apart; connected by the bufler-plate l}^ inches thick, 
18 inches deep; and by the cylinders, the motion-plate, the back-stay plate 




in front of the fire-box, and a cast-iron platform behind the boiler. The 
side-plates are 24 feet 9 inches long. 

The boiler is of best Yorkshire iron. The barrel is in three rings d 
plates, telescopically lapped, reducing in diameter towards the smoke-box, 



J 
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having the mean diameter 4 feet 2 inches inside, of ^-inch plates; and 
10 feet 3 inches long. But the smoke-box tube-plate is Ji inch thick; The 
firebox ^ell is 5 feet 10 inches long, 4 feet >^ inch wide outside, of 9/16-inch 
plates at the front and the back, with a J^-inch covering-plate. The upper 
part is flush with the barrel The fire-box is of ^-inch copper plates. 




thickened to ^ inch at the flue-tubes. It is 5 feet ij^ inches long, 3 feet 
5,'^ inches wide, inside, at the bottom, and 5 feet 5 inches high above the 
grate. It has 3-inch water-spaces at the front and back, at the bottom; 
2>3-inch spaces at the sides. It is fitted with a brick arch and a deflector 
door-plate. The steam-dome, 24 inches in outside diameter, of 9/rt-inch 
plate, is placed on the middle ring of the ttarreL 

The rivets are '3 rt inch in diameter, and pitched at ij^ inches. The 
x-CTtical seams of the boiler are single-rii-eted, with 2j^ inches of lap. The 
vertical seams next the fire-box are double-riN-eted, with 3 }4 inches of lap. 
The longitudinal seams are double-riveted, with butt-seams, and 7^8-inch 
welts inside and outside. 



r 
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A pair of 3j^-inch safety-valves, held by one helical spring between 
the valves, on Ramsbottom's system, is fixed on the top of the firebox- 
shell. One No. 9 mm. injector is fixed at the left-hand side, under the 
foot-plate, and one No. 7 mm. injector at the right-hand side. The work- 
ing pressure is 140 lbs. per square inch. The smoke-box is 2 feet 8 inches 
long, and the chimney is 16 inches in diameter. 




Fig- 903.— Sbup'& Injector: GenenL AmsfcmcbL Scald t/^ad. 

There are 219 brass tubes ij4 inches in diameter outside, pitched at 
2}i inches; lO feet 6}4 inches long between plates. 

The area of fire-grate is ij}^ square feet The heating surface of the 
fire-box is 105 square feet; that of the flue-tubes is 11 34 square feet; 
together, 1239 square feet, or 70 times the grate-area. 

The most recent form of Sharp's injector is shown in figs. 902, and the 
general arrangement of piping is shown in fig. 903. 

The cylinders are iS inches in diameter, with a stroke of 25 inches, 
I inch thick, bolted together and to the side frame-plates. To make room 
for the valves, the valve-faces are inclined upwards and outwards, as show 
in the cross section, fig. 904. The steam-ports are 14 inches by 1 yi inche 
having an area '/nth of that of the cylinders; the exhai ii 
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3j^ inches long, having 'j^.6 part of the cylinder-area. A single pair ol 
guide-bars is provided for each cylinder, 4^ inches wide, 10 inches apart^ 
fixed with two bolts and nuts to the cylinder-cover, and with one bolt and 
nut to the motion-plat^ I inch thick, through which they project or over- 
hang for a length of 10 inches. By this disposition, in which the motion- 
plate is placed further from the driving axle than usual, additional room 
is provided for the Allan valve-gear, the reversing shaft and levers of 
which are placed in advance of the expansion-links. There is also the 
advant^e of a more nearly direct support of the guide-bars for resisting 




Fig. 904.— Shup, Slei 



ft Cd-'i Eipiw LocomotiTc: SectwD of CyUDdsi. Scale i/i6(li. 



the maximum stress of the connecting-rod, at half stroke. The guide-bars 
are provided with liners for adjustment 

The piston is of cast iron, 3^ inches thick, having two plain packing- 
rings of gun metal, ^ inch wide. It is ^ inch clear of the cover at each 
end of the stroke The piston-rod is of Bessemer steel, 2j^ inches in 
diameter, let through the piston and fastened with a nut on the end. The 
other end of the rod is let into and through the crosshead with a slight 
taper, and fastened with double-nuts on the end. The crosshead is of 
wrought iron, case-hardened, in one piece with two overhanging 2^-inch 
gudgeons for the connecting-rod. The slides are of cast iron, 14 inches 
long, one above and one below the crosshead. 

The connecting-rod is 6 feet long, or 55^ times the length of the crank. 
It is forked at the smaller end with two bearings to take the gudgeons of 
the crosshead. The straps at both ends of the rod are each fastened with 
two bolts and nuts, and have separate cotters. 

The axles are of Bessemer steel. The driving axle is 7 inches in 
diameter at the middle, and the trailing coupled axle 6^ inches. The 
journals are ?}{ inches in diameter, 9 inches long; and the wheel-seats 
are 8% inches in diameter. The inside crank-pins are 7J^ inches in 
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diameter, 4 inches long; the webs of the cranks are 4^ inches thick by 
14 inches. The leading axle is 6 inches in diameter, with 6j^-inch jour- 
nals 10 inches long, and 7>a-inch wheel-seats. 

The valve-gear is, as before stated, on Allan's system, in which the 
expansion-link and the valve-rod link, or radius-link, are linked to the ends 
of short levers on a transverse reversing shaft, as already fully explained, 
page 24. The expansion-link is 2% inches tliick, 16 inches long between 
the end centres, allowing 91^ inches range of the block in the slot The 
eccentrics are 1 5 yi inches in diameter, with 6 inches of throw ; the eccen- 
tric-rods are 4 feet I inch long; and the radius-rod is 3 feet 4j^ inches long. 
The lap of the valve is 1 inch, the lead is s/ja inch, and the travel in full 
gear forward is ^'l^i inches, cutting off at 71 per cent of the stroke. The 
valve-spindles are i^ inches in diameter, and are guided through stuffing- 
boxes at both ends. 

The driving wheels are 6% feet in diameter; and 6 feet 1 inch 
over the rim, which is i ^ inches thick. They have each 22 spokes. 
The tyres are of crucible cast steel, 2J3 inches thick, 5J^ inches wide, 
lapped on to the rim with a fillet, and fastened by screws through the rim. 
The outer crank-pins arc let into bosses on the coupled wheels, at a radius 
of \2}i inches, diametrically opposed to the near inside cranks, which are 
counterweighted in addition by masses of metal forged solid to the rims. 
The nave has a bearing 7 inches long on the axle. The balance-weights 
are calculated and applied according to the rules laid down by Mr. D. K. 
Clark in Rail-j-ay Machinery, pages 165, &c. They are forged solid in the 
wheels between the spokes. 

The leading wheels are 4 feet in diameter over the tyres ; 3 feet 7 inches 
over the rims, which are i»/is inches thick; the tyres being the same as 
the others. There are 12 spokes in the wheel The nave has a bearing 
6ji inches long on the axle. 

The axleboxes of the coupled axles are of wrought iron, case-hardened. 
The leading axleboxes are of cast iron, with gun-metal steps. They have 
sliding caps, to admit of i-inch side play of the axleboxes. to ease the 
passage of the engine on curves. They slide on a double incline, in order 
that they may automatically come into alignment on entering the straight 
line. The guides for the driving and trailing axle-boxes are of crucible 
cast steel, of horse-shoe form, having two sides and a top for the sake of 
strength. 

The bearing springs are of one size, having 1 3 plates, 4j4 inches wide, 
^ inch thick, with a 3 "^-feet span. 

A steam break, on Webb's system, is supplied. It has a 9-inch steam 
cylinder, and acts on the front of each coupled wheel. 

It is stated that this engine is capable of drawing a train weighing 
183 tons gross up an incline of i in 100, at a speed of 30 miles per hour, 
in addition to the weight of the engine and tender, with 98 lbs. effective 
mean pressure per square inch in the cylinders, taking the total resistances 
at 434 lbs. per ton. Or, it can take the same train on a level at a speed 
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of 50 miles per hour, with 62 lbs. per square inch effective mean pressure 
in the cylinders, and taking the total resistance at 26.6 lbs. per ton.* 

The tender is on three axles, and weighs, empty, 11 tons 18 cwts. It 
has capacity for 2500 gallons of water, and 3>4 tons of coal. 



Chapter LXVIL— FOUR-COUPLED-WHEEL EXPRESS 

PASSENGER LOCOMOTIVE. 

DESIGNED BY MR. WILLIAM STROUDLEY, FOR THE LONDON, BRIGHTON, AND 

SOUTH COAST RAILWAY." 

(Cylinders (inside), diameter i8ji^ inches, stroke 26 inches; driving wheels 6}i feet; 

gauge of way 4 feet S)4 inches. ) 

This engine, shown in outline, fig. B, page 488, and in fig. 905 annexed, 
as an express passenger -train engine, is distinguished by the coupling 
of the leading wheels to the driving wheels ; and by several new details. 
It had become necessary to provide a passenger engine of somewhat 
greater power than the ordinary engines having 17-inch cylinders, with a 
24 -inch stroke. In 1876, Mr. Stroudley constructed six engines with 
I7j^-inch cylinders, 26-inch stroke, and 6j^-feet wheels coupled in front; 
weighing each, in working order, 36 tons. The cylinders were placed 
26 inches apart between centre-lines; and the slide-valves were placed 
between them, the exhaust being divided, so that the steam from the lower 
half of the port was passed under and round the cylinder, and met the 
steam escaping from the upper half at the base of the blast-pipe. On this 
system, cylinders up to 17^^ inches in diameter could be placed between 
the frame -plates, at the same time that the driving axle could be made 
with a stronger inside crank. Engines of still greater power being required, 
Mr. Stroudley entirely rearranged the cylinders, casting the two cylinders 
in one piece, as in fig. 906, removing the valves to a position underneath 
the cylinders, placing the cylinders nearer together, at a central distance 
apart of 25 inches, making room for i8j^-inch cylinders, with crank- 
checks and axle -journals of liberal dimensions. The valves are placed 
in an inverted position, the steam -ports leading from the bottom of each 
cylinder. The curvature of the ports is easy, and the exhaust is dis- 
charged almost directly up to the chimney. Water is freely drained from 
the cylinders, and waste- cocks are not required. The oil from the 
cylinders passing through the ports lubricates the valve-faces in such a 
manner as to reduce the wear of the slides nearly to nothing. The first 
engines fitted with these cylinders were built by Mr. Stroudley in 187a 

To supply steam for these cylinders, the barrel of the boiler was 

* The subject of the resistance of engines, tenders, and trains w»« ' " investigated bf 

the author in Railway Afathintry (1855), page 291, &c. 

' This notice is based upon Mr. Stroudley*s paper on * 
Engines," in the MinuUs of Proceedings of the Institution c^ 
1885. 
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ised to 4^ feet in diameter outside, and the fire-box was increased in 
b, to 6 feet. 




Referring to the illustration, fig. 905. of the "Gladstone" locomotive 
wo coupled axles are 7 feet 7 inches ap.Trt between centre-lines; the 
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trailing axle, placed under the end of the fire-box, is 8 feet from the 
driving axle, making a total wheel-base of 15 feet 7 inches. The cylinders 
are inclined upwards towards the front at an angle of i in 11 J4, to clear 
the leading axle; and the valves and spindles are, for the same reason, 
inclined downwards at the angle i in 15. 

The boiler and machinery are so proportioned that the working stress 
is limited to 3 tons per square inch of section. 

The side frame -plates are of Siemens- Martin steel, of from 28 to 
30 tons tensile strength per square inch. They are i inch thick, 19 inches 
deep at the part between the cylinders and the driving axle. They are 




Fig. 906. — Stroudley's Locomotive Engine: Section of Cylinders. Scale i/ifith. 

Stayed together by the front buffer-beam, of i^-inch steel, stiffened for 
the draw-bar; also by the cylinder castings, by the steel motion-plate, by 
a flanged iron plate in front of the fire-box, and by a portion of the foot- 
plate which is riveted to angle-irons extending from the fire-box to the 
back buffer-beam, which is of ij^-inch steel plate. The length of the 
frame-plates is 25 feet 9 inches. The total length of the engine and tender 
is 51 feet 10 inches over the buffers. 

The cylinders, fig. 906, are 18^ inches in diameter, of i-inch metal, with 
a stroke of 26 inches, cast in one piece, at 25 inches apart between their 
centre-lines. The weight of the pair of cylinders with the valve-chests 
and studs, not including the valves, covers, or pistons, is about 26^ cwts. 
The steam-ports are i^ inches by 15 inches, having an area ^12.7 part 
of that of the cylinder. The exhaust-port has 1/3.7 P^**^ ^^ ^^ cylinder 
area. Mr. Stroudley proportioned the steam-ports at the rate of i square 
inch for every 250 cubic inches of cylinder capacity. The lap of *"^^ 
is ^ inch, with a lead of ^16 inch. For slow-pulling engine* 
up to J^ inch is applied ; for fast-running engines, ther 
or clearance up to j4 inch. Steam is supplied to th'' 
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ends. The blast-orifice is 49/16 inches in diameter, and is 14 inches below 
the crown of the smoke-box. 

The pistons are cast of gun-metal, of a conical form, combining strength 
with simplicity, and to permit the contraction in cooling when cast, without 
severe initial stress. The coniform piston admits of a coniform cover, 
into which the stuffing-bo.x is recessed; so gaining a few inches of extra 
length for the connecting-rod. Wakefield's packing-rings are used. These 
rings are of cast iron, }^ inch wide, 7/i6 inch thick, turned to J^ inch larger 
diameter than the cylinder; and then having a section }{ inch wide slotted 
out, the ring being sprung into its place. Steam is admitted through small 
holes in the piston inside the rings. 

The piston-rod and the valve-spindles are packed with Jerome packing, 
fig. 907, consisting of rings made of tin, which are held in a conical recep- 
tacle round the rod, and are kept tight „ 
as they wear by means of a helical spring 
in the inner part of the stuffing-box. 

The piston-rod is of steel, of an ulti- ^ — 4 — -i..-, . . .. - 

mate strength of 33 tons per square inch, f^ ' 

2^ inches in diameter; fastened to the 

piston with a steep conical bearing, and 1 

a gun-metal or manganese-bronze nut. — 1 

The crosshead is one piece with the 

piston-rod. The gudgeon is of best 

Yorkshire iron, forged from old tyres, ra 

case-hardened, forced into the crosshead — 

by hydraulic pressure. The cast-iron 

slide-blocks are 11 inches long, 3 inches 

wide; they are forced by hydraulic Rg w -S'""<"<^' i«omofi«: jmi» p«kiiw 

' ^ !• ■ '"' PLiioii-reidi. Sole i/fiih. 

power on the ends of the gudgeon. The 

guide-bars are of a trough section, being cast with a vertical web at each 
outer side, which forms a shield outside the slide-blocks, and confers a 
great degree of stiffness. The motion-plate is of tough steel, and besides 
holding the guide-bars it makes an efficient stay for the side frame-plates, 
to which it is riveted by double- flanges. The guide-bars are supported 
by the motion-plate at about the middle of their length, where the greatest 
angular stress of the connecting-rod — at half-stroke — is to be resisted. At 
the lower part of the motion-plate two tubular guides for the valve-spindles 
are cast in one piece with it, bushed with gun-metal. 

The connecting-rod is of tough iron, foiled from old Yorkshire tyres, 
6}4 feet long, or six times the length of the crank. This is a standard 
length for the connecting-rods of all the classes of engines on the line. 
The rod is 2's/,6 inches in diameter at the crosshead end, 3j^ inches at 
the crank end, uniformly tapered; having a minimum sectional area of 
"\i square inches at the cotters and other parts. The bolts fixing the 
to the larger end are 2}i inches in diameter; and are reduced to a 
"m area of section by drilling out the centre of the plain part, up I I 
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to the beginning of the screw-thread. They have only one nut, of seven 
threads per inch. 

For axle-bearings on the Brighton Railway, 8 inches is the standard 
length of journal for engines and tenders, and also for carriage and wagon 
stock. The crank-axle is of steel, y}^ inches in diameter at the middle, 
8j{ inches at the crank-pin and in the wheels; and it is 8 inches at the 
journals. The placing of the cylinders 25 inches apart between their 
centre-lines, makes room for crank-webs 5 inches in thickness; they are 
1 1 inches wide. Each web is fortified by a "hoop" or strap shrunk over it, 
^j4 inches by 2j4 inches in section. 

The leading coupled-axle is of iron, 7 inches in diameter; 8 inches at 
the journal, 8J^ inches in the wheels. The trailing axle is of iron, 
6j4 inches in diameter in the middle, 7 inches at the journal; 7^ inches 
in the wheels. 

The driving and leading wheels are 6j4 feet in diameter over the tyres, 
6 feet at the rims; they have 22 spokes, landed on the rim at 9^-inch 

intervals. The rim is 2 inches thick, 4}4 
inches wide. These proportions are unusu- 
ally strong. Mr. Stroudley had observed 
that tyres on rims of usual thickness break, 
in nearly all cases, near a defective point 
in the rim of the wheel ; a tyre, if allowed 
to wear down below i}^ inches in thick- 
ness, is almost certain to break, in conse- 
quence of deflection between the spokes. 
With the 2-inch rims it is found that tires 
may be run down until they become slack 
by elongation. The tyres, fig. 908, are 

t^" |i— — '^ of cast steel, of 48 tons tensile strength 

\\ \\yW per square inch ; 3 inches thick, 5 J^ inches 

wide ; cylindrical at the tread for the driv- 
ing wheels, inclined conically at the rate 
of I in 24 for the leading wheels. They 
are notched on to the rims at the inside, 
and fixed by i-inch screws let in from the inside of the rim in every 
alternate interspace. The wheels are bored to such a diameter as to 
require an end pressure of 12 tons for every inch of diameter of the 
axle, to force it on the axle. Thus forced on, the wheel is retained in 
position without keys or collars — solely by the elastic nipping action of the 
metal. Next, the crank-pin holes are bored. The crank-pins are cylin- 
drical, 4j4 inches in diameter in the wheels, 4 inches at the journals, which 
are 4^ inches long. They are case-hardened, ground up true, and forced 
into the wheels, with the same proportions of end pressure as are adopted 
for the axles. The rims of the wheels are turned, and the tyres shrunk on 
by being slightly heated and cooled, the shr " foot of diameter 

being — 




Fig. 908. — Stroudley 's Locomotive: Section of 
Leading Tyres. Scale i/jd. 
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The naves of the wheels are constructed with the central ends of the 
spokes reduced or tapered to a point in the direction of the centre-line of 
the nave. A washer of corresponding shape — thickest at the centre — is 
applied and welded to the spokes at each side. The driving tyre-flanges 
are only S^ inch thick. By such reduction the cross strains 
on the axle by blows of the rails are obviated, and the 
number of breakages of crank-axles reduced. 

The trailing wheel is 4% feet in diameter; it has tyres 
3 inches thick. 

The side bearing springs are placed below the axle- 
boxes. The leading and traihng springs are of steel plates, 
5 inches wide, 3J^ feet in span, deflecting s/,6 inch per 
ton of load. The leading springs have 18 plates, of which 

16 are J^ inch thick and 2 are % inch thick. The trailing 
springs have 16 plates — 14 of ^-inch plate, 2 of "^-inch 
plate. The driving springs, fig. 909, are spiral, on the 
Timmis system, a pair to each axlebox. They are 7'/ 16 inches in diameter 
at the base, 5)^ inches at the top, 11^^ inches high, unloaded; and they 
deflect at the rate of "/,6 inch per ton of load. 

The eccentrics are of cast iron, 16 inches in diameter, half of each pair 
being cast in one piece: fastened together by four screw-bolts recessed on 
the face of the eccentric — the opening being filled up with white metal to 
prevent the screw slacking back. The throw is j J^ inches. The eccentrics 
are checked upon the neighbouring crank-arm, by which they are driven. 
The eccentric-straps are of cast iron, bolted together with two long ij^-inch 
bolts and one deep nut to each, secured by a cotter. The straps are 
projected outwards at their junctions as cantilevers, to give greater width of 
bearing on each other, and greater stitfness. These straps show very little 
wear after ten years' use; and no liners for letting together are provided. 
The eccentric -rods are 4 feet 7 inches long, The expansion-hnk is 

17 inches long between the end centres, 3 inches thick, curved to a 4-fcet- 
7-inch radius. It is suspended at the centre of its length, the point of 
suspension being at half the versed sine or camber of the link. By this 
disposition equal distribution of the steam is effected, cutting off at from 
78 per cent to iz per cent' The spindles are, for convenience, 23^ inches 
off the centre-lines of the valves, The travel of the valve in full-gear is 
l\^ inches, with a lead of '/,6 inch. In mid-gear the travel is 2% inches. 
The reversing-gear is a triple-thread screw of i % inches pitch, having a long 

1 Sir Daniel Gooch recoEiii/ed the advaniage of an odjuslmctil of ihc point of siispcniion of th« 
eipcuision - link, fur elTccting equal <Jisltibutioii in the Great Gtil.iiti cl.tss of locomotives on Ihe 
GPMt- Western Railway, See Radu-ay Marhinrry, page 44, &c., for a full bvestigation of this 
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nut The screw is cut on the end of the reversing-rod. The valve-spindle 
is 2 inches in diameter; the extension is 3^ inches in diameter for guiding 
surface. 

The outside crank-pins in the driving and leading wheels are placed at 
a radius of 9 inches or 10 inches, which is much less than that of the inside 
crank — 13 inches; **and when the stress of the steam is applied to the 
inner crank-pin, the outer crank-pin takes its share of the reaction, leaving 
but little for the axle-boxes to carry except the first thrust when on the 
centre. The axle-boxes and brasses of these engines run for many years 
without being adjusted, and a broken inside or outside rod is unknown." 
The adoption of this practice of outside cranks of considerably less radius 
than the radius of the inside cranks, is partially explained by the practice of 
Mr. Stroudley in placing the outside crank-pins on a radius-line coincident 
with that of the inside crank, instead of being placed diametrically opposite 
as is elsewhere practised: — " When the thrust of the connecting-rod," he said 
in reference to the usual practice, '' is driving the crank-shaft in a backward 
direction the axle is forced to the back side of the axle-box, and the axle^ 
box to the back face of the horn -block; but, before assistance can be 
obtained from the outside rod on that side of the engine in propelling the 
train, the latter must be put in tension ; and before this can take place the 
whole of the distance which the crank-shaft is moved backwards, and the 
whole of the play of the side-rod, brasses, &c., must be taken up by the 
slipping of the wheels. This causes great wear and tear of the crank-pins, 
and heavy strain on the connecting-rods, which do their work by a series of 
blows instead of taking it up smoothly, as when the cranks are placed both 
on the same side of the axle, which has been the author's (Mr. Stroudley's) 
practice since 1866." To adjust the counterweights applied in the wheels, 
they are calculated for each cylinder separately, to balance all the revolving 
masses in full. Two-thirds of the connecting-rod measured from the crank 
end are taken as revolving weight Of the simply reciprocating parts — the 
other third of the connecting-rod, the piston and rod, side-blocks and pump- 
ram — two thirds are reckoned for balancing. A mass equivalent to the 
total of these portions is divided between the two wheels on the same axle, 
in the inverse ratio of their distances from the centre-line of the cylinder. 
Thus, for each wheel a larger and a smaller mass is calculated, and the 
centre of gravity of the two masses is the centre of gravity of the combined 
or resultant mass.^ 

The outside coupling-rods are constructed with solid ends, bushed with 
gun -metal. Some of the bushes have lasted upwards of fourteen years 
without renewal. 

The shell of the boiler is of Yorkshire iron, except the smoke-box tube- 
plate, which is of Siemens-Martin steel, being less liable to corrosion and 
more easily flanged than iron. 

* See a very full inyestigation of the coun*- "^^ '- *^^vhuay Machinery^ 

1855. page 172, && 
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The barrel is 10 feet 2)4 inches long, 4j^ feet in diameter outside, 
of }^-inch plates, in three rings, telescopically lapped, being reduced in 
diameter towards the smoke-box. The circular seams have 2% inches of 
lap, with %-mch rivets at 3 inches of pitch. The longitudinal seams are 
butt-jointed with double covering straps, gj^ inches by s/,6 inch thick, 
double-riveted, with ^-inch rivets at i}^ inches of pitch. The strength of 
this joint, as stated, is 76 per cent of that of the whole. The firebox-shell 
is 6 feet 8|^ inches long outside, 4 feet i inch wide at the bottom, which is 
sloped 1 5 inches downwards towards the front The front and back plates 
are ^ inch thick, the covering-plate J^ inch. The seams under water are 
plastered with red-lead and plated with copper, in order to prevent rusting. 
The fire-box is of copper plates 5^ inch thick, made up to i inch at the 
flue-tubes. It is 5 feet 10 inches high at the front, 4 feet 6^ inches at the 
back. It is riveted with iron rivets. The walls are stayed to the shell 
with ^-inch copper stays at 35^ inches pitch. The roof is supported by 
eight wrought-iron girder-stays, having solid bosses on their lower face, by 
which they are fastened to the roof-plate with i-inch screws passed through 
the plate into the bosses. Six of these stays are linked by transverse 
double - hangers to angle - irons riveted to the shell. The hangers have 
oval holes to allow the fire-box to expand upwards when steam is being 
raised. The back-plate of the shell is stayed by copper stays tapped into 
the ends of the girder-stays. T!ie roof of the fire-box is inclined down- 
wards towards the back, to the extent of 2 inches, to prevent the water 
from leaving the surface when the break is applied, or the engine descending 
an incline. The fire-bars are of wrought iron, supported on three transverse 
cast-iron girders. The firing hole is rectangular, fitted with a deflector 
suspended from above, answering also as a door — adjustable with a handle 
and rack. A small plate is hinged at the lower side of the doorway, which 
is turned up to prevent the glare from the fire. The ash-pan is fitted air- 
tight at the sides and the front. At the back a deflector plate is fixed to 
throw cinder and ash towards the middle, and a perforated plate is hinged 
to the bottom, admitting air and retaining cinders. 

There are 331 steel flue-tubes, ij^ inches in diameter. No. 14 wire- 
gauge in thickness, 10 feet 6 inches long between the plates. They are 
fixed with a Dudgeon mandril at both ends. When brass tubes are used 
they are bent upwards in the middle of their length about i % inches, that 
they may yield to expansion without forcing them through the plates and 
causing leakage. They are fixed with thin steel ferules at the fire-box end. 

Mr. Stroudley preferred steel tubes to brass tubes, as they cost less than 
these, and do not wear out. 

Steam is taken from the upper part of the dome with a 6-inch pipe, 
which branches into two smaller pipes in the smoke-box, supplying steam 
at both ends of the valve-chest. The regulator is an annular disc, turned 
on a central pivot, covered by a hood, which receives the steam-supply at 
the upper part of the valve. 

The area of the fire-grate is 20.65 square feet The heating surface of 
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the fire-box is 112.48 square feet, and that. of the flue-tubes is 1372.92 
square feet, making together 1485.40 square feet, or 72 times the grate- 
area. 

The boiler is securely bolted to the cylinders and riveted to the plates 
of the smoke-box, and these are riveted to the side frame-plates. 

The weights of the engine and tender are as follows:— 

In Working Order. Empty, 

tons. cwts. 

Engine: — Leading wheels, 13 16 

Driving wheels, 14 10 

Trailing wheels, 10 8 

— ^— — toas. cwts. 

38 14 35 5 

Tender, with fuel and water, 27 7 ^5 7 

Total, 66 I 50 12 

Tender, — The tender was designed to contain a quantity of water suffi- 
cient for the longest run on the Brighton system — 89 miles. They can 
carry 10 tons or 2240 gallons of water, and 2 tons of coal 

The longitudinal frame-plates, one at each side, are of steel, ^ inch 
thick, 14 inches deep, 22 feet 4 inches long, with inside bearings for three 
axles. The axles are at 7^ -feet centres, with 4^ -feet wheels. The 
forward and trailing side springs are laminated; the middle springs are on 
the Timmis system. The tank is 20 feet long, 6 feet wide, 3^ feet deep 
outside, with a flat floor. The coping is 7 inches high above the tank. 

The weight of the tender, with 10 tons of water and 2 tons of fuel, is 
27 tons 7 cwts. 



Chapter LXVIIL— SIX-COUPLED GOODS LOCOMOTIVE, 

WITH TENDER. 

DESIGNED AND CONSTRUCTED BY MESSRS, BEYER, PEACOCK ft CO., MANCHESTER, 

FOR THE VICTORIAN GOVERNMENT RAILWAYS. 

(Cylinders (inside) 17 inches by 24 inches; wheels 4 feet (i% inches; gauge of way 5 feet 3 inches.) 

This engine, figs. 910 to 912, is typical of the ruling practice in goods 
locomotives of maximum power on English railways — with a difference, the 
gauge of way being 5 ^^ feet, or 6>4 inches wider than the English gauge. 
This engine is thus an example of an engine in which there is plenty of 
room for the lateral development of the parts, sufficient space for which is 
occasionally felt to be a desideratum in engines constructed for the 4-feet- 
8>4-inch gauge. 

The conditions of this engine, as an inside-cylinder engine, differ materi- 
ally from those of the Midland four-coupled ^ ^ 504 and Plate XV., 
in the presence of a fixed pair of wheels \t « ;»h«Mi[ce of a bogie; 
and the need for an equal distribution o^ « the three 
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axles. The loads at the three axles are as 
follows. The weight of the tender is added: — 

Engine; — Leading wheels,... 961 

Driving do 9 i o 

Trailing da, ... 9 i 2 

Total, !7_ J_.3 

Tender: — Front wheels, 37a 

Middle do., 410 

Hind do. 



Total, 
Engine and tender, 

The leading wheels of the engine are 7 feet 
from the drivers, between the centres; and 
these are 6}^ feet from the trailing wheels 
— making 133^ feet of wheel-base. 
The above distribution of weight is 
practically equal, and it appears by 
the ordinary rule' that the position 
of the centre of gravity horizontally 
is 2^ inches in advance of the 
driving axle, or about 3 feet i inch 
in advance of the fire-box. The 
leading wheels being placed so much 
nearer the centre of gravity in this 
case than the bogie in the Midland 
engine, it was necessary, in order 
that they might not assume an ex- 
cessive proportion of the weight, 
that the driving wheels should be 
placed as far fonvard as was practic- 
able, consistently with a sufRcient 
length of eccentric- rods and connect- 
ing-rods. The former are only 3 feet 
7J^i inches long, and the latter 5 feet 
4 inches long, or SH t'Hi^s the 
length of the crank. A com- 
parison of these lengths, with 
those of the Midland and tlie 
Great North of Scotland Rail- 
ways, already noticed, is sugges- 
tive, and is given on page 586. 
' Itailviay Mathintty. page 189. 
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To co-operate in equalizing 
the distribution of weight, the 
trailing axle is placed under the 
fire-box, which is sloped upwards 
towards the back, out of the way. 
The centre of the axle is 17 
inches in advance of the back 
of the fire-box. The general 
result of the combination is a 
nearly equal distribution of the 
weight of the engine and a com- 
pact wheel-base. 

The frame is of wrought- 
iron plates, and consists of two 
longitudinal plates i inch thick, 
1 8 inches deep in the body, 4 feet 
6yi inches apart, bound together: 
1st, by the pair of cylinders; 
2d, by the motion-plate, which 
is }% inch thick, 23 inches deep, 
riveted to the side plates with 
one flange and one 2j^-inch 
angle-iron with ^-inch counter- 
sunk rivets; 3d, by a tie-plate 
1% inches by 5 inches deep, 
18 inches behind the driving 
axle; 4th, by the back end beam, 
I Ji inches thick, 13 inches deep, 
y% feet long. The side frame- 
plates are 22 feet 7^2 inches 
long, and the upper edges are 
4 feet 4% inches above the 
level of the rails. The buffer- 
beam, of wood, 6 inches by 16 
inches deep, 7 feet il inches 
long, is fastened to the side 
plates with angle - irons and 
gusset-plates. The guides for 
the axlebox are steel blocks. 
The draw-hook is bedded on an 
india-rubber ring at the inside 
of the biiffer-±ieam. The buffers 
are 6'^ feet apart, and range at 
a height of 3,'j^ feet above the 
level of the rails. 

The boiler is of Lowmoi 



586 



THE CONSTRUCTION OF STEAM ENGINES. 





Connectiiig-rodt. 


Eccentric-rods. 


Centre of Gravity 
inadnnotct 
Driving Axle. 


Midland, 

Great North, 

Victorian, 


6 feet 2}^ in. or 5.75 cjanks. 
6 „ i>^ „ or 5.65 „ 
5 >> 4 ff or 5.33 „ 


4 feet sH in- 

5 >, I w 
3 » 7H » 


9.90 inches. 

9.42 » 
2.7s »» 



iron. The barrel is 10^ feet long, 4 feet % inch in diameter, in three 
rings of 7/x6-inch plates, telescopically lapped — the ring of largest diameter 
being joined to the firebox-shell. The firebox-shell is of ^-inch plates 
in three covering plates riveted together. It is 5 feet i inch long, 4 feet 
3 inches wide, outside; and the upper part is struck with a radius of 2 feet 
I j4 inches. The steam-dome is placed on the barrel of the boiler, on the 
ring of plate adjoining the firebox-shell. It is 19 inches in diameter, and 
33 inches high above the boiler. It is of ^^-inch plate welded into a solid 
forging. The opening in the barrel-plate is 16 inches in diameter, and is 
fortified by two wrought-iron rings riveted to the plate, one above and 
one below the opening. The chimney is 15 inches in diameter. 

Seams are made with 5^ -inch rivets, at i^ inches and i^ inches of 
pitch. The plates lap 2}4 inches for single-riveting, and 3^ inches for 
double-riveting. 

The steam-pipe in the boiler is of copper, No. 10 wire-gauge in thick- 
ness, 3J^ inches in diameter, finished with a cast-iron upright pipe leading 
from the upper part of the dome. This pipe terminates in a flat face con- 
taining three ports, each 4 inches wide, ^ inch high, covered by a two- 
ported brass valve, which is shifted vertically for admitting or shutting off 
steam. The ports of the valve are hooded in such a manner that steam 
from the dome does not enter them directly, but approaches from the 
entrance to the hood, which is at the top of the valve. 

Two 3)^-inch safety-valves are fitted on two brass standards fixed on 
the top of the firebox-shell, gj4 inches apart between centre-lines. The 
vahes take a horizontal bearing on the seats, each surface of contact being 
an annulus V16 inch wide. They are held down by a helical spring of 
^-inch round steel, coiled to a diameter of 4^ inches externally, with 
a cross-bar. 

The fire-box is of ^-inch copper plates, and is 4}4 feet long, 3 feet 
8 inches wide inside, 4^ feet high at the front, sloped to 3^ feet high at 
the back. The tube -plate is thickened to Ji inch at the tubes. The 
water-spaces round the fire-box are 2j4 inches wide at the bottom, expand- 
ing to 3':^ inches at the top. The fire-box is joined to the shell at the 
bottom with a solid "foundation-ring," 2}4 inches wide, 2^^ inches deep. 
It is stayed to the shell with 7^-inch stay-bolts, averaging 4 inches 
apart between centres. It is also stayed to the barrel with eight palm 
stay-bolts. The roof is stayed with eight bars of wrought iron i }4 inches 
thick, 6 inches deep, the four middlemost bars being linked to the upper 
part of the shell at two points in ^^^^ The upper pin-holes of the links 
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are slotted to admit of contractile movements. The doorway is oval, 
15 inches wide, 1 2 inches high. 

There are 189 solid-drawn brass tubes, i}i inches in diameter outside, 
in horizontal rows, and at a^-j-inch centres, or ^-inch clear intervals; 
10 feet 9)^ inches long between the plates. The tubes are not horizontal, 
but are inclined upwards towards the smoke-box, at the rate of i inch 
in the length, In order to keep them parallel to the telescopic bottom of 
the barrel. They were fixed by being expanded into the tube-holes in 
the tube-plates, and fastened with steel ferules at the fire-box ends. The 
back plate of the firebox-shell is stayed to the smoke-box tube-plate with 
seventeen iJ-^-inch tie-rods. 

The fire-box is fitted with a slanting fire-brick arch extending igv^ inches 
from the tube-plate, and a slanting scoop at the doorway projecting 
28 inches in the fire-box, leaving a free-way of 12 inches between the arch 
and the scoop for the meeting and mixing of the combustible gases and the 
air from the doorway. The supply of air is regulated by a pair of sliding 
doors. 

The area of fire-grate is 16J-3 square feet, the heating surface of the fire- 
box is 71.3 square feet, and that of the flue-tubes is 1000 square feet; 
tt^ether, 1071.3 square feet, or 65 times the grate-area. 

The cylinders are 17 inches in diameter, with a stroke of 24 inches, 
placed at a distance apart of 30j4 inches between their centre-lines, form- 
ing the valve-chest between them. They are i inch thick. They are 
fastened to the side frame-plates and to each other with i-inch bolts and 
nuts. The front covers are fastened with twelve i-inch bolts and nuts, 
pitched at about $% inches. The steam-ports are 13^^ inches by 1^^ inches, 
or '/"as P^""^ of ^1*^ cylinder-area. The exhaust-ports are 3j^ inches long, 
or '/sth of the cylinder-area. There are two pairs of guide-bars to each 
cylinder, 3 inches wide, bolted to the back cover and to the motion-plate. 
The piston is of cast iron in one piece, fastened on the taper end of the 
rod with a nut. It has two cast-iron packing rings ^^ inch tliick, A4 inch 
wide, turned tight to gauge of 17 inches in diameter, and then split. The 
rod is 2j^ inches in diameter, of steel, cottcrcd into the crosshead for a 
depth of 5j^ inches, slightly tapered, with a cotter 5^ inch thick, averaging 
2j^ inches wide, rounded at the edges, secured by a small cotter through 
the lower end. The crosshead is of steel, in one piece, forked, with a 
gudgeon 3 inches in diameter, offering a journal 3 inches long. 

The connecting-rod is of wrought iron. 5 feet 4 inches long, or 5.33 times 
the length of the crank; having a bearing 3 inches in diameter, 3 inches 
long at the crosshead end, and a bearing 7 inches in diameter, 4 inches 
long, for the crank-pin. At each end the rod is made with a butt and strap, 
fastened together at each end with two bolts and nuts, ifa-inch for the 
small end, i J^-inch for the large end, with a cotter at each end for tighten- 
ing the brasses. The body of the rod is of uniform thickness, 2 inches ; by 
4j^ inches deep at the larger end. tapered to 3 inches at the smaller end. 

The coupling-rods are of wrought iron, 6}4 feet long, having hessiap* 
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3 inches in diameter, 3 inches long, in solid-forged ends, with brass bushes, 
^ inch thick. The body of ttie rods are i^ inches thick, 3^ inches 
deep. 

The axles are of cast steel, 6j4 inches in diameter, with 6)^-inch 
journals, which are 9 inches long for the driving axle, and 8 inches long for 
the leading and trailing axles. In the wheels they are 8 inches in diameter. 
The crank-pins are 7 inches in diameter, 4 inches long; the cheeks or webs 
are 4 inches thick by 1 1 inches wide. 

The wheels are 4 feet 6}4 inches in diameter, of solid-welded wrought 
iron, with cast -steel tyres, notched on to the rims. 

The axleboxes arc of wrought iron, case-hardened, with brass bushes 
and keeps. The leading axleboxes are fitted with double-inclined-plane 
sliding covers. The boxes have a lateral play of fa inch each way from 
the central position; and the inclined-plane bearing surfaces tend to restore 
the axleboxes to their central position when moved from it on cur\es. 

The side springs, one to each axlebox, are of plates 4 inches wide. 
They are 3 feet in span, and are placed above the leading and driving 
axleboxes, and below the trailing axleboxes. 

The valve-gear is the ordinary shifting-link motion. The eccentrics are 
14^ inches in diameter, 2j^ inches wide, with a throw of 51^ inches. The 
straps arc of wrought iron, lined with brass. The eccentric-rods are of 
wrought iron, 3 feet y% inches long. The expansion-link is 16 inches long 
between centres, on i^-inch pins, and is 2j^ inches thick; the groove is 
2j^ inches wide, and the die a movable block si4 inches long. The block 
is centred on the valve-spindle, which is made up to 4% inches in dia- 
meter to work in a brass guide 1 2 inches long, fastened to the motion-plate. 
The slide-valves have J^ inch of lap, fully }i inch of lead, and fully 
iJi inches of maximum travel. 

The blast-pipe is of cast iron, s inches in diameter, of J^-inch metal, 
finished with a cast-iron nozzle-piece, having a 4-inch orifice, at a level 
ij/i inches above the uppermost flue-tubes, and 17 inches below the 
entrance to the chimney.' The nozzle-piece is surmounted by a ^-inch 
ring steam-pipe or " blower," perforated for the escape of steam in small 
jets up the chimney, to maintain a draught when the engine is not working. 

The engine is fitted with a combined steam-and-hand break, acting on 
all the wheels. There are two injectors for feeding the boiler with water. 

Tender. — The tender, fig. 910, page 5S3, and figs. 913. annexed, is 
constructed to hold 2000 gallons, or 320 cubic feet, or about 9 tons of 
water, with 120 cubic feet of space for fuel, or about 2^ tons of coal, allow- 
ing 45 cubic feet per ton ; together 1 1 5^ tons, which is a little more than is 
allowed for in the official weight given, page 583. The frame is 18 feet 
3j^ inches long, 6 feet il^ inches wide, outside measure. It consists 
of two main longitudinal plates i inch thick, 12 inches deep, and two inner 

' The \a!Lt Mr. Peacock was the first who experlmentilljr investigated the question of the most 
effective level of the blast orifice, consialent with the Invest diameter. The results of the experi- 
ments, with his deductions, are (ully detailed in Railway Mathintry, page 134. 



BROMLEY'S SIX-COUPLED GOODS LOCOMOTIVE. 




Chapter LXIX.— SIX-COUPLED 
GOODS LOCOMOTIVE, MO- 
GUL TYPE. 



(Cylinders, outside, ig inches by j6 inches; wheels 
4 feel 10 inchesj gauge of way 4 feel S^ in.) 

A locomotive of the Mogul type, 
manufactured by Messrs. Neilson & 
Co. for heavy coal traffic between 
March and London, is shown in figs. 
914 and 915, having six -coupled wheels 
and a pony-truck, with horizontal 
outside cylinders. The cylinders are 
19 inches in diameter, with a stroke 
of 26 inches; 6 feet 8 inches apart 
between centre-lines, with horizontal 
valve-faces on the top. Tlie slide- 
valves are worked by an ordinary ' 
link-motion, with intermediate rocking 
shafts. The coupled wheels are 4 feet 
10 inches in diameter, on a wheel-base 
of 15 feet 9 inches. The pony-wheels 
are 2 feet 10 inches in diameter, placed 
at 7 feet 5 inches from the leading 
coupled wheels, between centres, and 
making a total wheel-base of 23 feet 
2 inches. The weights of the engine 
and the tender are as follows: — 

In Working 
Emply, Order, 

Leading coupled wheels ri 12 13 6 

Driving wheels 11 la 13 6 

Trailing coupled wheels 11 la 13 6 

Adhesion weight 34 16 39 18 

Pony-wheels 7 ii 7 19 

Total engine 42 7 47 17 

Tender 17 i 32 4 

59 8 80 I 

The weights on the driving and trail- 
ing wheels are equalized together by 

I an intermediate lever at each side, linked to the ends of the side-springs; 

I and the leading coupled and pony wheels are equalized together. The 
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longitudinal frame-plates are i}4 inches thick, 2 feet 8^ inches deep, 
4 feet 2 inches apart Their total length is 27 feet 9 inches. 

The barrel of the boiler is II feet 5 inches long, 4 feet 5 inches in dia- 
meter inside, in three rings of plates, butt-jointed, with welts or covering 
plates. The firebox-shell is of 9/i6-inch plates, except for the back, which 
is }4 inch thick. It is flush with the barrel, for the upper half circle. It is 
6 feet long, 4 feet i inch wide outside. The fire-box has 17.8 square feet 
of fire-grate, and 102.24 square feet of heating surface. There are 240 flue- 
tubes i^ inches in diameter at the fire-box end, pitched at 2^ inches; 
iji inches at the smoke-box end, pitched at 2^ inches. They make 
1 291.2 square feet of heating surface, or, together with the fire-box, 
1393.44 square feet, which is about 79^ times the grate-area. The roof 
of the fire-box is stayed to the shell, with i5/x6-inch stay-bolts, at 4^-inch 
centres. The fire-box is fitted with a brick arch and a door-scoop or 
deflector, for smoke prevention. 

A 2 1 -inch steam-dome is fixed on the centre-plate of the barrel. The 
top of the dome is a cast-iron segment of a sphere, bolted to the body 
of the dome. The steam-pipe within the boiler is of iron, 4^ inches in 
diameter, 3/i6 inch thick. It takes the steam from the top of the dome 
with a double-beat valve. The branch steam-pipes to the cylinders are of 
copper, 3 j4 inches in diameter, 3/16 inch thick. A pair of 3-inch direct- 
action safety-valves is fixed on the firebox-shell, held by a helical spring 
pinned to a crosshead, which takes a bearing on each valve. The centres 
of the valves are respectively 4^ inches and 49/16 inches from the centre- 
line of the spring, the odd 7i6 inch being added by way of compensation 
for the overhung hand-lever. 

The cylinders are of i-inch metal. There is but one guide-bar to each 
cylinder, figs. 916, placed above the crosshead, figs. 917, which is one with 
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Figs. 916. — Mogul Locomotive: Guide-bar. Scale i/i6th. 



the slide by which the bar is embraced. The connecting-rods are 7 feet 
I j4 inches long, or about 6}4 times the length of the crank. The link- 
motion is connected by a wyper-shaft to each valve-spindle. 

The pony-truck is pivoted to the frame at a point in the main centre- 
line, 5 feet yj4 inches behind the axle, by means of a triangular attachment, 
which connects the pivot or pin with the axleboxes. The load is applied 
to an intermediate point of an equilibrating bearer, fig. 918, in the central 
line of the engine, one end of which is supported on a transverse lever, 
suspended by the ends from the hinder ends of the side-bearing springs of 
the trailing coupled axle, and the other end is carried in a suspending link 
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which is hung from a central cylindrical casting, through which the load is 
transmitted to the axle. This casting bears on a cylindrical mass of india- 




rubber, 4 inches thick, 15 inches in diameter, seated on a cast-iron bed 
which rests on a pair of transverse 
laminated springs — each end of which 
is suspended from a pair of pins 
fastened to the top of the axlebox. 
According as the truck sways to one 
side or the other, the suspending link 
is deflected laterally, and pivots of 
one pin or the other, in the manne 
of a double-pivoted gate; and there 
is simultaneously a tendency to re- 
sume, by gravitation, the position of 

central alignment The suspending links are 10 inches long, and the 
alternative pivots are 3j^ inches apart between centres. 

The price of the engine was £1950. or £46 per ton of weight; that of 
the tender was £450, or ;f[26, 8j. per ton ; and that of the engine and tender 
together was ^£^2400, or £40, 8s. per ton. 




Chapter LXX.— TEN-WHEELED TANK LOCOMOTIVE. 

CONSTRUCTED BY MESSRS. SHARP, STEWART, & CO., MANCHESTER, FOR THE LONDON, 

TILBURY, AND SOUTHEND RAILWAV. 

(Cylinders 17 inches in diameter, stroke i6 inches; driving wheels 6 feel ■ inch in diuneier; 

gange of way 4 feel 8,y inches.) 

This locomotive, figs. 919, has been described as a " universal machine," 
having been designed to combine in one type of engine the capability for 
working the heaviest goods and cattle trains, for running at express speed 
with passenger trains, for stopping and starting quickly with ordinary 
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passenger trains, for running equally well either end foremost, as a "doublej 





ender," with freedom and ?,n"i;ty a' 



Tcqueut curves 
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of the line. The need for running either end foremost arose specially from 
the triangular approach to Tilbury Station, which is on one side of the 
main line, and into and out of which trains go and come reversely. 

The engine is placed on four coupled wheels, SJ^ feet apart between 
centres, a four-whee! bogie at the leading end, the pivot of which is lo feet 
4- inches apart from the driving axle, between centres; and a pair of 
radial-a-xle wheels 7 J^ feet behind the hind coupled wheels. The wheel- 
base thus extends to 29 feet 4 inches; but the fixed or parallel-axle base 
does not exceed 8}4 feet The weight of the engine empty is 44^4 tons. 
The distribution of the weight, in working order, is as follows: — 



Bogie 15 18 o 

Driving wheels 16 o a 

Hind coupled wheels 16 o 2 

„ trailing axle, radial 823 

Total "56 i~s 

This is a very fair distribution of weight — 16 tons on each pair of drivers, 
and half of that, or about S tons, on each pair of carrying wheels. 

The longitudinal frame-plates are of Landore steel, i inch thick, 
t8}4 inches deep, 4 feet apart, bound together with two i^-inch buffer- 
plates and other plates, and the bogie attachments. They are 33 feet 
1 1 inches in length. The total length of the engine over the buffers is 
36 feet 8 inches. 

The barrel of the boiler is of J^-inch Yorkshire iron plates, butt-jointed, 
with covering plates; 4 feet I inch in diameter inside, io>^ feet long. The 
firebox-shell is of >;-inch plates, except the front plate, 9/,6 inch; 6 feet 
long, 3 feet loj^ inches wide, outside. The tire-box is of J^-inch copper 
plates, except the tube-plate, i( inch. It is S feet 43/16 inches long, 3 feet 
2^i inches wide, inside, at the bottom. There are 200 flube-tubes. i fB inches 
in diameter, pitched at 2}4 inches, 10 feet loj;^ inches long between the 
plates. The grate-area is 17.25 square feet The heating surface of the 
fire-box is 97 square feet; of the flue-tubes, 923 square feet; together, 
1020 square feet, or 59,1 times the grate-area. The chimney is ISJ^ inches 
in diameter at the bottom. The tanks can hold 1300 gallons, or 208 cubic 
feet, or 5.80 tons of water. There is capacity for 2^ tons of coal, heaped. 
The working pressure is 160 lbs. per square inch. 

The cylinders are outside, lodged between the wheels of the bogie, at 
each side. They are 17 inches in diameter, with a stroke of 26 inches, 
6j:i feet apart between centre-lines. The piston-rods are 3 inches in dia- 
meter; the crosshcads are each attached to a single guide-bar above it; 
the connecting-rods are of Yorkshire iron, 6% feet long, or 5.77 times 
the length of the crank. The axles are of crucible cast steel. The driving 
and coupled axles are 6}4 inches in diameter at the middle, 7 inches at 
the journals, which are S inches long; 8j4 inches in the wheels. The 
driving wheels are 6 feet I inch in diameter, with tyres S}4 inches wid*- 
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The crank-pins are of Yorkshire iron, case-hardened at the journals. The 
coupling-rods are of Bessemer steel. 

The bogie is on four wheels 3 feet 1 inch in diameter, 6j^ feet apart 
between centres; and two axles 5^ inches in diameter at the middle, with 
6-inch journals 9 inches long. The bt^e is on Mr. W. Adams' system, 
being capable of side-play to the full extent of 2^ inches, controlled by 
two helical springs acting horizontally, one at each side of the central 
bearing, set with the degree of initial compression requisite to bring back 
the bogie to its central position, after having deviated when running on a 
curve. The springs deflect i^ inches per ton of stress. Each spring is 
prevented from following up any lateral movement of the b<^e, from its 
own side. Thus, the bogie is free to return to the central position from the 
other side by the impulsion of the spring on that side, without opposition 
from the other spring. 

The radial wheels and axle, fig. 920, at the other end of the engine, are 
I of the same dimensions 

as those of the bogie. 
They have a lateral 
range of 2 inches, con- 
trolled by helical springs 
as in the bc^e. The 
axle - boxes and their 
guides are struck to a 
radius of 5 feet ij4 
inches. 

The side bearing 
springs for the driving 
and coupled axles are 
4}4 feet in span, having 
lourteen J^-inch plates 
5 inches wide, equili- 
brated by an interme- 
diate lever. Their deflection is at the rate of .38 inch per ton of load. 
The bogie springs have a span of 4 feet, and have twelve yi-inch plates, 
S inches wide, deflecting .47 inch per ton of load. The trailing springs 
are 3>^ feet in span, and have nine J^-inch plates, 4)4 inches wide. 




Chapter LXXL— FOUR-COUPLED-WHEEL PASSENGER 
LOCOMOTIVE. 

DESIGNED RV MR. GODFREY RHODES, FOR THE CHICAGO, BURLINCTON, 
AND QLINCV RAILROAD. 
(Cylinders iS inches in diameter, siroke 34 in 



This locomotive, figs, 921, 



rheels 5 feet 9 inches; gauge ofvay 

universally followed in 
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America, having outside cylinders, four-coupled driving wheels, behind, 
and a four-wheel truck or bogie in front The gauge of the way is 4 feet 
Sj4 inches. The cylinders are horizontal, alongside the smoke-box and 
between the wheels of the bogie. The coupled axles are 8>4 feet apart 
between centre-lines; the bogie-axles are 5 feet 8 inches apart, and the 
pivot of the bogie is 11 feet 2^ inches from the driving-axle. The whed- 
base of the engine is 22 feet 6j^ inches long; the total wheel-base of the 
engine and tender is 44 feet 9 inches, and the length over all is 56 feet 
10 inches. The weight in working order is distributed as follows: — 

Lbs. E nglish tons 

Driving wheels 27,000 or 12.05 

Trailing wheels, coupled 27,500 „ 12.28 

Total driving weight 54»5oo n 24.33 

Bogie 28,300 „ 12.63 

Total weight of engine in working order... 82,800 „ 36.96 

Tender, empty 24,183 „ 10.80 

Water, 2750 gallons (Syi lbs.) 22,917 „ 10.23 

Coal i4>55o » 6.50 

Total weight of tender, full 61,650 „ 27.53 

Total weight of engine and tender, in full ) ^ , 

worWni order .. \ "M^ " ^^ 

According to this excellent distribution of weight, two-thirds, in round 
numbers, is available for driving; and the weight at each bogie-axle is 
one-half of that on each driving-axle. 

The frame is the bar-frame generally used in American locomotives, 
of which the frame originally designed and employed by the late firm of 
Bury, Curtis, & Kennedy, of Liverpool, was the prototype. It consists 
literally of two longitudinal framed structures, one at each side, connected 
and stiffened by transverse bars and plates. Each structure is in two pieces 
bolted together. The backward piece has an upper and a lower member, 
welded together with the axle-guards; merging, towards the front, in the 
forward piece, which is a single bar, to which the cylinder is fastened. These 
elementary bars are 3 inches wide, from end to end of the engine. The 
upper member at and between the axle-guards is 4 inches deep; the lower 
member 2j^ inches deep; they are 15^ inches apart vertically. The 
single bar at the cylinders is 4 inches deep. The lower ends of each axle- 
guard are connected together by intermediate struts and through bolts and 
nuts. The side frames are 3 feet 8 inches apart. 

The boiler is of steel plates, and is of the "wagon-top" description, in 
which the firebox-shell is considerably higher than the barrel, and is joined 
to it by a long-slope plate. The barrel is 4 feet i }4 inches in diameter 
inside, about 1 1 J^ feet long, of ^^-inch plates. The seams are lap-jointed, 
single-riveted transversely, double-riveted longitudinally. The firebox-shell 
is 6 feet S}i inches long, 3 feet 6^ inches wide, outside. The chimney is 
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17 inches in diameter, and it stands 14 feet 8 inches high above the level 
of the rails. The fire-box is of steel, ^ inch thick; 6 feet long. 2 feet 
11% inches wide, inside, at the bottom, widened at the upper part to take 
in flue-tubes. The water-spaces are 3 inches wide. The tube-plates are 
of >^-inch steel plates. The crown of the fire-box is strengthened with 
fourteen transverse staya The steam-dome, placed on the firebox-shell, is 
28 inches in diameter, 24 inches high. There arc 189 flue-tubes, 2 inches 
in diameter outside, 11 feet ^4 inches in length betivcen plates, placed 
at 2^ inches pitch. A rocking fire-grate is employed, having fire-bars 
ij^ inches thick, with j4-inch air-spaces. The area of the fire-grate is 
17.7 square feet; the heating surface of the fire-box is 102.1 square feet; 
of the flue-tubes, inside, 958.2 square feet; together, 1060.3 square feet, or 
60 times the grate-area, The working steam-pressure in the boiler is 
145 lbs. per square inch. 

The cylinders are laid with their horizontal centre-lines 2 inches above 
the level of the centre-line of the driving-axle. They are !8 inches in 
diameter, with a stroke of 24 inches; i J^ inches thick. Steam is brought 
to the cylinders by a ^yi-inch pipe in the boiler, branched in the smoke- 
box to each cylinder, with a sectional area of 16 square inches, The 
valve-face is horizontal, above the cylinder. The steam-ports are i J^ inches 
by 16 inches: 20 square inches in area, V"-?* pa^t of the cylinder-area. 
The exhaust-port is 2j^ inches by 16 inches; 36 square inches in area, 
•/7.1 part of the cylinder-area. There are two blast-nozzles, one to each 
cylinder, 3j^ inches in diameter, from which the steam is exhausted into a 
petti coat -pipe. The piston is 4'/i inches thick, with a 3-inch piston-rod. 
Each crosshead is formed with two lateral slide-blocks, which work in two 
pairs of guide-bars. The connecting-rod is 7 feet i}4 inches long, or 
7.3 times the length of the crank. It is formed with butts and straps 
bolted together, and cotters. The crosshead bearing is 2A^ inches in 
diameter, 3 inches long; the crank bearing is 4 inches by 4 inches. The 
coupling-rods are of double-flange or H section, with 3>i-inch bearings, 
3j^ inches long. The driving wheels are 5 feet 9 inches in diameter, of 
cast iron, with steel tyres. The driving and coupled axles are 8j4 feet 
apart; they have 7-inch journals, 7J^ inches long; they are 6^ inches in 
diameter at the middle, and 6^ inches in the wheels, in which they have 
7^ inches length of bearing. The truck-wheels are of cast iron, with steel 
tyres, 30 inches in diameter; the a.xles are 5 feet 8 inches apart, they are 
4% inches at the middle, 5 inches at the journals, which are 9 inches long; 
and 5 inches in the wheels, with 8 inches length of bearing in them. The 
side bearing springs for the driving and coupled axles, have 2 feet 10 inches 
of span, and consist of ten J^-inch "leaves" or plates, 3J4 inches wide. 
They are connected by equilibrating beams. The bogie-springs, one at 
each side, in a cradle, have 3 feet 4 inches of span, and consist each of 
fourteen ^-inch leaves 4 inches wide. 

The slide-valves have Ji inch of lap outside, and '/■« '"^h inside; 
*/i6 inch of lead, in full-gear; and a maximum travel of 5 inches. The 
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shifting link motion is employed, having eccentrics of 5 inches throw; 
ccccntric-rods 4 feet 10^ inches long; and links of the same length of 
radius, and 2yi inches wide. The motion is communicated to the valves 
through rocking shafts. There is a history attached to the eccentrics. 
Formerly, they and their straps were only 2^ inches wide, and were a 
constant source of annoyance and delay to trains, by the slipping of the 
eccentrics on the axle. It was found that the eccentrics and straps got 
heated, arising, as it was judged, from a deficiency of bearing surface; hence 
the slipping. The width of the eccentrics was, therefore, increased to 
3J^ inches. The trouble has almost entirely ceased, and trains are now 
rarely delayed by slipping of eccentrics. The eccentrics are fastened by 
means of set-screws. The weight of the valve-gear is balanced by an 
adjustable coiled spring attached to a short bell-crank on the lower end of 
the reversing lever, at the foot-plate. 



CHAPTER LXXII.— SIX-COUPLED DOUBLE-BOGIE 

FAIRLIE LOCOMOTIVE. 

DESIGNED BY SIR ALEXANDER M. RENDEL, AND CONSTRUCTED BY ilESSRS. NEILSON 

& CO., GLASGOW, FOR THE MEXICAN RAILWAY. 

(Cylinders, outside, 16 inches in diameter, 22-incli stroke; wheels 3 feet 9 inches in diameter; 

gauge of way 4 feet 8^ inches.) 

The Fairlie locomotive, shown in side elevation, fig. 922, is of the 
maximum-power style of engine. It consists of twin boilers, engines, and 
bogies, with a central platform for the accommodation of the enginemen. 
The boilers are united by the fire-boxes and shells at the centre, and are 
a continuous structure from chimney to chimney. 

Each bogie has six wheels, of which the axles are placed 4 feet 
i}i inches apart between the centres, making a wheel-base of 85^ feet 
for each Ix^gie. The bogies are 22 feet apart bet^veen the centres of the 
pivots, making 30^/ feet of wheel-base. Over the cow-catchers at the 
ends, the extreme length is 49 feet S^ inches. 

The barrel of each boiler is of 7/x6-inch plates, 3 feet io}i inches in 
diameter outside, enlarged to 4 feet 6v/x6 inches for the ring of plates next 
the fircU^x- shell. The joint shell for the tvvo fire-boxes is of 7,6-inch 
plates, 9 feet long, and 4 feet i ^s inches wide, outside. Each fire-box is 
4 feet I5.1J inches long. 3^- feet wide. There are 144 flue-tubes in each 
boiler, 1 Ts inches in diameter outside, 1 1 feet 7*3 16 inches long betv\-een 
the plates. The totv\l length of the twin boiler is 3 1 feet S inches between 
tlio smoke-b^>x tube-plates. The flue-tubes are inclined downwards towards 
each smoke-U^x, tv^ com^xMis^ite for the water level on inclines: the upper- 
nu^st rvnv has a tall of J.^^ inches in the leni:th, or at the rate of i in 51. 
The level ot* water over the nre-b*.>x. in the midvile. is not materiallv 
arilvtcvl by inclines. The working pressure in the boiler is 165 Ibs^ per 
s<;uare inch. 



Each bogie is constructed of two i }i 
apart, bound together with transverse 
plates. The cylinders are i6 inches 
in diameter, with a stroke of 22 inches. 
They are fastened on the bogies, 
outside the side frame-plates, and 
are connected to the extreme inward 
pair ol wheels, with connecting-rods, 
7 feet ll>2 inches long, or S.y times 
the length of the crank — an excep- 
tionally great length. The two bogies 
are connected by a carrier-frame, by 
which the boiler is eiTectually sup- 
ported, also the foot-plates, water- 
tank, and bunkers; whilst it takes the 
stress of buffing and traction. The 
pivot consists of a short gun-metal 
cylinder, 20 inches in diameter, fixed 
to the cross-plates of the carrier- frame, 
which fits into a shallow cast-iron 
socket fastened to the bogie. To 
check any tendency to pitching move- 
ments, tlie bogie is steadied at the 
inner end by a helical spring, which 
forms an elastic connection between 
the inner end of the bogie-frame and 
a transverse plate of the carrier-frame, 
close to the boiler. 

The valve-gear consists of Allan's 
straight-link motion, for which the 
reversing shaft is located near the 
pivot, where the erratic movements 
are a minimum. Between the boiler 
and the cylinders steam is necessarily 
conveyed through ball-and-socket 
jointed pipes. The bottom of the 
smoke-box is of cast iron, formed 
with junction-processes for both the 
steam and the exhaust pipes. The 
stcam-pipc, of copper, 33/^ inches in 
diameter, is flange-jointed to a knee- 
pipe cast on the bottom of the smoke- 
box. This knee-pipe is connected 
by a 33^-inch wrought-iron pipe to a 
knuckle-chamber, fixed to the bogie- 
frame, whence the steam passes for- 
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nch side frame-plates, 4 feet ^ inch 
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ward by branch pipes to the two cylinders. The connecting pipe is made 
with a ball-and-socket joint at each end. The exhaust-steam from the 
cylinders is conveyed to the blast-pipe in the smoke-box through a 5-inch 
wrought-iron pipe, with ball-and-socket joints. 

Square feet 

Area of fire-grate, combined 29.4 

Heating surface : — Fire-box, combined 1 66.0 

Flue-tubes, do 1647.0 

Total surface ^.,,. 1813.0 

or 61.6 times the grate-area. 

The engine is said to be capable of drawing a train-weight of 3600 tons, 
on a level, or 240 carriages weighing 15 tons each. The engine when 
fully charged carries 2850 gallons of water, and 300 cubic feet of room for 
coal; and weighs 92 J^ tons. The weight, empty, is 67 tons 12 cwts. On 
regular duty, the engines run on a section of road which, for a length of 
14 miles, has many gradients of i in 25, with curves of 330 feet radius. 




UND LOCOMOTIVE. 



COMPOUND LOCOMOTIVES. 



About the year 1852 the continuous-expansion system of Messrs. 
Samuel & Nicholson was applied to two locomotives on the (then) Eastern 
Counties Railway, in which two cylinders of unequal diameter were em- 
ployed Steam was exhausted at half-stroke from the first cylinder into 
the second or larger cylinder. At the end of the stroke of the first cylinder 
the steam was exhausted from it direct into the atmosphere. In this 
combination the essential principle of compounding was wanting, an inde- 
pendent exhaust taking place from each cylinder,' 

In 1872 Mr. W. Dawes patented an invention of compound cylinders of 
locomotives, in which four cylinders were employed, or two compound 
engines of two cylinders each. According to one system, the four cylinders 
are ranged across the front of the engine — the two larger between the side 
frame-plates connected to a cranked axle; the two smaller outside, con- 
nected to pins in the driving wheels. On another system the cylinders are 
all inside, in tivo tandem systems, the larger cylinders being in front. On 
a third system inside compound cylinders are applied independently to 
two separate pairs of driving wheels, which are independent of each other, 
coupling-rods being dispensed with. 



Chapter LXXIII.— COMPOUND LOCOMOTIVES. 

DESIGNED BV M. ANATOLE MALLET. 

M. Anatole Mallet had early prepared designs for compound loco- 
motives, in which one of the cylinders was made larger than the other; and 
in the beginning of 1876 an order was given to the Creusot Works by the 
Bayonne and Biarritz Railway Company for three compound locomotives 
according to M. Mallet's designs.* They were four-coupled six-wheel 
tank-engines, with two outside cylinders, 9.45 inches and 15.75 inches in 
diameter, with a common stroke of 17.72 inches; having areas in the ratio 
of I to 2.78. The arrangement is shown in fig, 923. The driving wheels 
were 3 feet 1 1 % inches in diameter, and the carrying wheels 2 feel 
11% inches. The wheel-base was 8 feet 10 inches long; the length 
over all was 18 feet to inches. The weight of the engine empty was 
tons; in working order, igj^ tons; adhesion weight, i^% tons. The 
pressure in the boiler was 150 lbs. per square inch. The "start- 
valve" was fixed on the smoke -box, by means of which the 
of this syslcra in the Practtdings a/ Iki iHstUslan 0/ MahaHicat Enginitrs, 185 Jj 




■ p>pcr by M. Anatole Mallei, " On the CompoundiDg of l^icomutive Engines," 
1 tki InsliluliOH a/ M«h<iHual Engiiutri, ]>iSK, 1879; pige 328. 
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steam from the first cylinder might, at starting, be exhausted direct into 
the atmosphere, whilst steam from the boiler was admitted direct into the 
second cylinder, sufficiently wire-drawn to avoid an excessive difference 
of power between the two cylinders. When the valve was shifted into the 
opposite position the steam from the first cylinder was exhausted to the 
second cylinder. The engines were first tried in July, 1876; they made 
steam in abundance, and worked with perfect steadiness. The railway is 




S miles long, on the 4-feet-8>^-inch gauge, with inclines of i in 66 and 
I in 70. The trains consisted of four carriages in summer, two in winter; 
two-storied, S;- tons each, empty, carrying each about a hundred passen- 
gers. The average speed, including stoppages, was 30 miles per hour, and 
the consumption of C.irdift' coal was at the average rate of 13.55 pounds 
per mile; the lowest consumption was 10.90 pounds per mile. 

In the indicator diagrams, taken from one of the engines at a speed 
of 15.2 miles per hour, or loS turns per minute, indicitingo;,? horse-power, 
the steam is shown cut oft' in both cylinders at (V.1 j>er cent of the stroke, 
the two link-motions being worked together by one re\-ersing handle. 
A considerable drop in the pressure occurs between the two cylinders; so 
that the indicator power of the second cylir horse-power, working 
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compound, is notably less than that of the first cylinder, 60.3 horse-power. 
The drop is owing to the excessive length of the period of admission 
to the second cylinder relatively to the ratio of the cylinders, the capacity 
of the first cylinder being only (iOO-r3.7S = ) 36 per cent of that of the 
second. In order that there should not have been any drop, the steam should 
have been cut off at 36 per cent, when the powers of the two cylinders 
would have been nearly equal. In the compound engines constructed for 
the HaironviUe Railway, provision was made for linking the valve-gears 
of the two cylinders independently. But it does not appear that this inde- 
pendent action has been retained. 

Mr. A. Borodine. chief engineer of the South-Western Railway of Russia, 
made comparative trials of a compound passenger locomotive on the Mallet 
system and an ordinary locomotive, both of the series A, constructed for 
the Kiew-Balta line: — four-coupled engines, having wheels of 5 feet 7 inches 
in diameter, with i6j4-inch cylinders, of 23.6 inches stroke. The slide- 
valves had 1 inch of lap. The grate-area was 15.05 square feet; the heat- 
ing surface, 1236 square feet. The engine weighed 29 tons empty, 34 tons 
full. The working pressure was I30 lb.s. absolute per square inch. The 
engine A 7 was compounded by substituting for one of the cylinders a 
cylinder of 23.6 inches in diameter, of which the area was twice that of 
the original cylinder. The two cylinders were completely steam-jacketed, 
steam being used direct from the boiler. The second cylinder was usually 
worked with from 70 to 73 per cent admission, and the work of the engine 
was regulated by varying the admission in the first cylinder, or by the 
regulator. Steam from the boiler was admitted into both cylinders in 
starling from stations. 

A preliminary test of one of the ordinary engines, A 24 — identical with 
A 7, except in the cylinders — against A 7, was conducted in May, 1881, 
on the Kiew-Kazatine section, g7}4 miles long. The results of twelve 
double-trips show an economy of steam, of from 4 per cent to 8 per cent; 
and of fuel, of from 1 5 per cent to 1 8 per cent. 

In July, 1881, the two engines took two goods trains exactly alike, one 
to each, one after the other, at speeds considerably lower than those of the 
passenger trains ; showing an economy of 30 per cent in the consumption of 
steam by the compound engine, and of 20 per cent of fuel. 

The two engines were also tested against each other in the workshops 
at Kiew. They were, one after the other, lifted off the rails, uncoupled, 
and worked as portable engines to drive the machinery of the workshop. 
The speed was 100 turns per minute, equivalent to 20 miles per hour on 
the rails; and as the power required was much less than the ordinary 
power of the engines, the ordinary engine, A 21, worked with one cylinder 
only ; and steam was cut off very early in the first cylinder of the compound 
engine. Besides, the pressure in the boiler was lowered. The work 
developed indicated from 65 to 74 horse-power for A21, and from 75 to 
93 horse-power for A 7. 

July, 1881. — In working A 21, steam was cut off at 20 per cent, 
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having an absolute maximum pressure 
in the cylinder of 90 lbs. per square 
inch; and 30 pounds of water \^as 
consumed per indicator horse-power 
per hour. 

September, 1881. — In A 21, steam 
was cut off at 30 per cent, with an 
absolute maximum pressure of 79 
lbs. per square inch in the cylinder; 
when 28.4 pounds of water was con- 
sumed per indicator horse -power per 
hour. 

November, 1881. — In A 7 — ^steam- 
jacket not working — steam was cut 
off at 30 per cent in the first cylinder, 
and at 60 per cent in the second 
cylinder, with 105 lbs. absolute pres- 
sure per square inch in the boiler. 
The consumption of water was 25 
pounds per indicator horse-power per 
hour. 

November (same day), 1881. — The 
trial of A 7 was repeated, and 25^ 
pounds of water was consumed per 
horse-power per hour. 

Detailed comparative trials of A 7 
and A 22 were conducted on the Kiew- 
Kazatine line, in which the indicator 
horse -power was determined. A 22, 
in September, 1881, consumed 29.95 
pounds of water, and 9>3 pounds of 
wood as fuel, per horse-power per hour. 
A 7, in March, 1882, made two trips, 
with steam in the jacket, consuming a 
mean of 28,83 pounds of i^-ater, and 
7.98 pounds of wood, per horse-power 
per hour. Without steam in the jacket, 
in the same month, the means of two 
trials showed that 25.70 pounds of 
water, and 7,24 pounds of wood were 
consumed pet horse-power per hour. 

From these results it appears that 
the compound en^!ne, wfthout steam 
in the jackets, economized i-i oer cent 
of the consumption of water by the 
ordinarj- engine^ and 24 per cent of 
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the fuel.' It is remarkable that apparently the consumptions were greater 
when steam was in the jackets than when they were empty — a result 
most probably due to imperfect conditions.* 

Subsequently, in 1882, the ordinary engine, A22, was fitted with steam- 
jackets, from which the cond en sat ion -water escaped through a steam-trap. 
The total clearances in the cylinder and passages were, for the front end, 
7.3 per cent; for the back end, 8 per cent. The engine was tried in the 
workshops at Kiew, with steam in the jackets, and without it. The average 
consumptions of water per indicator horse -power per hour, were as 
follows: — 

Wahoai Jackcu. Wilh Jicketv 



Cutting off at 30 per c 
Do. 20 „ 



. 69 lbs. 



1 lbs. 



^S.63 lbs. 
26.89 .- 



IVifAoui Steam in the Joikets. 



The economy effected by the use of steam in the jackets is thus shown to 
be \^% per cent, when steam is cut off at 30 per cent; and 16 per cent 
when steam is cut off at 30 per cent. 

In a paper communicated by Mr. Borodine to the Institution of 
Mechanical Engineers, in 1886,^ on the subject of the experiments just 
noticed, in addition to other comparative experiments, he draws results 
from the comparative trials of A 7 and A 22, made without steam in the 
X jackets, which are here thrown into tabular form: — The economy of fuel 
I is affected by the evaporative efficiency, which for A 22 was 3.33 pounds 
I of water per pound of fuel ; and for A 7, 3.82 pounds. 

!_ Extending his comparisons, Mr. Borodine finds that for equal consump- 

tions of 5236 pounds, or 80.4 cubic feet of water per hour, the ordinary 
engine, A 22, developed 1S7 horse-power; and the compound engine, A 7, 
developed 222 horse-power, or 19 per cent more. 

The sample indicator diagrams, figs, 924, were taken from a six-coupled- 

' The greater economy of fiiel lha.n of water here announced has its parallel in the economj 
eSectcd by <he emplojinent of feed. water healers in locomutives. See a paper by D. K. Clark, 
"On the Improvement of Railway Locomolive Slock, wid the Reduction of (he Working EipenHS,'' 
In the Proittdings eflfu Inslitutian efChiU Enginrtrs, vol. Kvi. (1856-57), page 3. 

' These particulars of trials in Rosiia are derived from a communication made by M. Mallet to 
the Saiiitida /nginirurs Chili, Pttrii. in 1S83. 

• See " Eiperimenls on the S learn -jacketing and Compounding of Locomotives in Russia," in 
the PmetdiHgt t/tht ImtitutioH ef Mtehaniial Engintm (1S86}, page 197. 
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wheel compound locomotive on the South-Westem Railwayof Russia, having 
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Chapter LXXIV. 
THREE-CYLINDER COMPOUND 

LOCOMOTIVES. 

DESIGNED AND CONSTRUCTED BV MR. F. W. 
WEBB, FOR THE LONDON AND NORTH- 

(Cylindcrs 14 inches and 30 inches in diameter, 
siroke 44 inches; driving wheels b% feel; gauge 
ofw[iy4reel Z% inches.) 

Mr. F. W. Webb, in 1878, converted 
one of the old engines on the London 
and North-Western Railway into a com- 
pound engine, on Mallet's system, and 
worked it for five years on the Ashby 
and Nuneaton line. In 1S81-82 he 
constructed at Crewe a compound en- 
gine, the Experiment, of a new type, 
which he had patented. He employed 
three steam cylinders: two first or high- 
pressure cylinders, outside, connected to 
the trailing axle; and one second or 
low-pressure cylinder, inside, connected 
to the driving or middle axle. Thus 
two pairs of wheels were driven inde- 
pendently, without coupling-rods. The 
exhaust-pipes from the first cylinders 
were laid round the smoke-box, inside, 
and thus the steam, exposed to the heat, 
was dried more or less before entering 
the second cylinder. The first cylin- 
ders were iiM inches in diameter, and 
the second cylinder was 26 inches, with 
strokes of 24 inches; the driven wheels 
were 6j4 feet in diameter, and Joy's 
system of valve -gear was employed. 
The ratio of the combined areas of the 
first cylinders to the area of the second 
cylinder, was as i to 2.55. Encouraged 
by the performance of the Experiment, 
Mr. Webb constructed other compound 
engines of the same type, but with 
13-inch first cylinders instead of \\%- 
inch cylinders: making the ratio of 
the Dreadnought class, of the same type, 
nch and 30-inch cylinders, with a ratio of 
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THE CONSTRUCTION OF STEAM ENGINES. 

piston-areas as I to 2.30, with strokes of 24 inches. The steam-ports of 
first cylinders are '/w." P^''"' of 'he area of the pistons ; those of the seci 
cylinder are '/19-5 P*"^ of the piston-area, 
driven wheels are 6% feet in diameter, 9 
8 inches apart between centres ; the leading whi 
3 feet 9 inches in diameter, are fitted with radii 

SJB^P^^y^ axle-boxes, fig. 937, making up the total whei 
IH^^C-hhUm) ^^^^ iS f'^^t * inch. The working pressure 
^^^[^^^^^^y steam is 175 lbs. per square inch. The drivii 
^^B^"^^^^ and trailing axle journals are 7 inches in dti 
meter, I3J4 inches long. The central crank-pin 
7j^ inches in diameter, 5>^ inches long. 
central connecting-rod, figs. 928, is of steel, 6 
vebb'j CompooDd Loco- feet long, or 6j^ times the length of the crankj^ 
The smaller end is solid, bushed with phosphor- 
bronze, % inch thick. The bush is secured by 
the stem of the oil-cup. The cup is secured by a split pin. The larger 
end is forked to receive the brasses, which are held in place by a block )i 
into the fork, fastened by a throu] 
bolt with double-nuts at each em 
The brasses are adjusted by means ol 
a wedge to a taper of i in i6, fastened 
by pins to a through-bolt, fixed by 
double-nuts at each end. The valve-, 
gear is so constructed that the motioi 
for the first and second cylinders 
be regulated independently of c 
other. 

The main side frame-plates are 
steel, J4 inch thick, and are 4 fc 
apart. The length over the buflfe 
beams is 27 feet i}( inches. 
barrel of the boiler is of J^-inch plates,' 
and is 4 feet 3 inches in diameter, 11 
'^*'" an'ii^'i^'inS-^ ^r,/," h.^"^ f'^^t ^°^S- There are 225 brass flue- 
tubes, 1 1 J^ feet long. The area of fire- 
grate is 20.5 square feet. The heating surface of the fire-box is 159.1 square 
feet, and that of the flue-tubes is 1 242.4 square feet ; together, 1401.5 square 
feet, or 68.4 times the grate-area. The weight of the engine, empty, is, 
39j4 tons; full, 42^^ tons, distributed thus:— I2j4 tons on the lead! 
wheels, 15 tons on the middle wheels, 15 tons on the trailing wheels. Tl 
tender weighs 1 2 tons i cwt. empty, and is constructed to carry 1 800 galloi 
or 288 cubic feet, or 8 tons of water, and 5 tons of coal. Loaded thus, 
weighs 35 tons gross; and the engine and tender together weigh 67J4 toi 
According to Mr. Webb's most recent design (the Teutonic ty] 
1889), the Dreadnought type has been followed, with the exception thaj 
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in the combined indicator diagrams, fig. 930, for which the pressure in the 
boiler was 173 lbs. per square inch, whilst the pressure in the first cylinder 
during admission was about 170 lbs. per square inch, and in the second 
cylinder 40 lbs. 

For the first cylinders, the slide-valves have a lap of ^ inch, lead 
yi inch, maximum travel 3^ inches. For the second cylinder the lap is 
I inch, lead ^ inch, maximum travel 5^ inches. 

Seventy-seven compound locomotives on Mr. Webb's system are now 
(May, 1890) at work. They completed a mileage run of over 14,000,000 
miles by March 31, 1890. 



Chapter LXXV.— OUTSIDE-CYLINDER COMPOUND 

LOCOMOTIVES. 

DESIGNED BY MR. VON BORRIES, FOR THE PRUSSIAN STATE RAILWAY, HANOVERIAN 

SECTION. 

Mr. Von Borries has, since 1881, been working compound locomotives 
on the Hanoverian section of the Prussian State Railway. He made a 
new departure in designing six-wheel compound locomotives. He places 
the cylinders, two in number, outside, behind the leading wheels, with a 
communication between them ; and works them direct to the trailing axle, 
behind the fire-box, to which the middle axle is coupled. The cylinders 
are 16^ inches and 235^ inches in diameter, with a stroke of 22J6 inches; 
in the ratio of 1 to 2.05. The driven wheels are 6 feet ij^ inches in 
diameter, at 7 feet 10^ inches apart between centres; the leading wheels 
are 3 feet Sj4 inches in diameter, 9 feet 2% inches from the middle wheels 
between centres; making a wheel-base of 17 feet }^ inch. 

The area of the fire-grate is 18.73 square feet The heating surface of 
the fire-box is 78^ square feet; of the flue-tubes, 969.3 square feet; 
together, 1047.8 square feet, or 56 times the grate-area. The working 
pressure of steam is 171 lbs. per square inch. 

Tons. Cwts. Qre. 

Weight of engine, empty 33 19 2 

Do. do. full 37 80 

Distribution of weight: — 

Leading wheels 11 16 o 

Middle wheels (driven) 12 16 o 

Trailing wheels (driven) 12 16 o 

A special starting-valve is placed in the receiver, by which, when closed, 
communication between the cylinders is cut oflf. For starting, the valve 
is shut, either bv hand or autoniaticallv; then steam is turned on from the 
boiler into the first cylinder, and also to d cylinder through a 

small pipe from the main steam-pipe. » firom the first 

cylinder fills the receiver, and when » equal to 

that of the steam admitted to the ? live opens 
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automatically, the direct steam is shut off from the second cylinder, and 
regular communication is opened between the two cylinders. 

The Walschaerts gear is employed for reversing, and is so planned that 
nearly equal powers are developed in the two cylinders. The lifting 
wypers are placed on the reversing shaft at different angles, in such a 
manner that in forward gear the shifting of the block in the second ex- 
pansion-link is not so great as in the first expansion-link. The travel of 
the second valve, and the period of admission correspondingly, are there- 
fore greater than those for the first valve. The corresponding admissions 
are as follows : — 

First cylinder — 75 per cent Second cylinder^75 per cent. 



Compared with ordinary engines of like dimensions, working on the 
same lines, and taking the same trains, the compound locomotives effect 
an economy of from 14.3 per cent to 21 per cent in fuel.^ 



Chapter LXXVI.— INSIDE-CYLINDER AND WOOLF 
COMPOUNDED LOCOMOTIVES. 

DESIGNED AND CONSTRUCTED BV MR. CHARLES SAND[F0RD, FOR THE SCINDE, 
PUNJAUB, AND DELHI RAILWAY. 

Mr. Charles Sandiford, of Lahore, compounded two of the inside- 
cylinder locomotives of the Scinde, Punjaub, and Delhi Railway, the 
Vampire and the Vulcan, and sent them for trial in June, 18S4. In the 
Vampire, the two original 15-inch cylinders were replaced by an 18-inch 
and a 24-inch cylinder — as large as could conveniently be provided for, 
with the original stroke. 22 inches. The slide-valve of the second cylinder 
was on a vertical face, and was worked direct; that of the first cylinder, 
on a horizontal face, was worked through a rocking shaft: both with the 
Stephenson link-motion. To assist in starting, when the first cylinder was 
on a dead centre, steam could be admitted direct to the second cylinder. 
With this contrivance, it is said, there has not been any difficulty in starting. 
The engine has been regularly employed on goods and mixed trains, at 
speeds of from 18 to 22 miles per hour, taking with ease a gross weight, 
including the engine itself, of 5C» tons. For an average actual gross weight 
of 489 tons, at an average speed of 20 miles per hour, 33.10 pounds of 
Bengal coal has been consumed per train-mile; against 38,28 pounds per 
train-mile by the ordinary coupled engines with 16-inch cylinders, of 
24 inches stroke — showing a difference in favour of the compound engine 
of 5.18 pounds of coal per mile, or an economy of 13'^ per cent 

The other engine, the Vulcan, was compounded by replacing the two 

• The material* for Ihli notice of Mt. Von Borrie's compound locomotiie nre derived from 
■. April IP, 1886; page 434, 
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ciriginal 16-iiidi cylinckrs by two ly-inch inside cyfisidec^ 



II 



of 24 incfaesu The crank of each first cyfioder b 

that of the cogrespcfodmg second cyiinder, fcrnung a 1 

The Stephenson Hnk-moCion was rctaiiied for wo tiin g 

ansvered very wtU: die inside cyhtadas having verti 

&ttxX, and the outside cylinder having horizontal ts 

Asifts, The consumption of Bengal coal arer^ed, in 

per trainHnUe, for an avcxs^ gross «e^|it of 520 ton 

hour aierage speed; malring an economy of nearly 13 

consumption of the ordinary engines in the same disti 

pressore is 120 Ifas^ per square inch. The two-<yliiider comp o m id 

is liked better by the drivers than die four-cylinder cngii 

four-cyiinder ei^ine has a sharper Mast by a good deal, ai 

of steaming better than die two-<yliiider ermine, although 

never short of steam.^ Here is a case in which, as it h^ipens^ 

effected on die Woolf system is equal to that effected on die 

receiver system. But tht results are not widiout qnalificatioo 





Chapter LXX\^L — 

IXSIDE-CYLINDER COM- 

POUND LOCOMOTIVES. 

DESIGXED AXD COXSTKUCTED BY 
MR. T. W. WORSDELL, FOR THE 
XORTH-EASTERX RAILWAY. 



7 

4 



18 inches amd 

stroke 24 
fX ioches; 
Shindies.) 



m 



S»ee of 



Mr. T. W. Worsdell, in 1885, 
^ designed andconstnicted his first 
compound passenger locomo- 
tive for the Great Eastern Rail- 
way, in which two cylinders 
were employed, placed side by 
side, bet\i*een the side frame- 
plates, as shown in fig. 931, 
18 inches and 26 inches in. 
diameter, with a stroke of 24 
inches: working to the crank- 
axle in the usual manner, with 
7 feet driving and trailing wheels coupled, and a bogie in front The 

* See a paper " On the Working of Compound Locoi«"*»**^ in India,* in the ProcaJings of the 
Institution of Mechanical Engineers, lS66; page 355. 



Fi^ 931. — Compoond Locomaczre, by Mr. T. W. WorsdelL 
ibr the Great Easteni Raihray. Scale i/jdch. 
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capacity-ratio of the cylinders was i to 2.09. The engine was fitted with 




No. I. 




Nas. 




Nas. 
Figs. 93a.— Wondell's Compound LocomotiTe: Indicator Diagrams Combined. Vertical scale, i6o lbs. per inch. 

Joy's valve-gear, and steam could be turned on direct to the second cylinder, 
ivhen required, for starting. 

The total wheel-base was 20 feet i}i 
inches long. 

The area of the fire-gfrate was 17.3 
square feet, and the heating surface was 
1200 square feet, or 69.4 times the area 
of the fire-grate. The weight of the 
engine, empty and full, was distributed as 
follows: 




Na I. 



Weight Empty, 
tons. cwts. qrs. 

At bogie wheels 13 7 o 

driving wheels. ...14 3 a 
trailing wheels. ...13 12 i 



99 



>» 



41 



Weight Full 
tons. cwts. qrs. 

14 IS « 
4 16 21 

14 18 o 
44 10 o 




|-ieo 



-so 



Na s. 



The tender has capacity for 3200 gal- 
lons of water, and 5 tons of coal. 

Sample indicator diagrams are shown 
in figs. 933; and they are combined in 
figs. 932, whereon also the so-called 
"theoretical" expansion-curves are traced. 
The table No. 182 gives particulars of 
the diagrams and the performance: — 




No. 3. 

Figs. 933. — Wondell's Compound Locnmotive : 
Indicator DiagmmK. 
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Table No. 182. — Worsdell's Compound Locomotive, Great EIastern 

Railway: — Performance, May 7, 1885. 

Cylinders 18 inches and 26 inches; 24pinch stroke. 



No. OP Indicatok Diagkams. 

Where taken 

Train-load, carriages 

Speed, in miles per hour 

Steam cut off at, per cent of stroke... 
Maximum pressure per square inch 1 

above the atmosphere f 

Effective mean pressure, ist cylinder 

Do. do. 2d do. 

Indicator horse-power, ist cylinder... 

Do. do. 2d do. ... 

Do. do. total 



Kentish Town 
6 

75 
148 lbs. 



it 



92 

43-7 »» 
170.2 H.P. 

168.72 
338.92 



99 



» 



Stanstead 

13 
42 

SO 
114 lbs. 

47-77 », 
22.46 „ 

247.10 H.P. 

242.14 „ 

489.24 „ 



Whittlesford 

13 

63 
40 

117 lbs. 

41.6 
21.9 
323.26 H.P. 

353-24 
676.50 



99 

99 



99 
99 



The contributions of power from die two cylinders are nearly equal, 
proving an excellent distribution. But, in the third case, there is about 
10 per cent greater power from the second cylinder than from the first 

More recent results of performance on the Great Eastern Railway, show 
the comparative consumption of coal on like duty, by eleven Worsdell com- 
pounded locomotives, fitted with Joy's gear, and seven ordinary locomotives, 
of No. 562 class. For three months ending May 21, 1886, the respective 
performances were as follows: — 

Compound. Ordinary. 

Train-miles run 109,469^ 64,671 

Engine-miles run 112, 754^^ 66,656^^ 

Coal consumed 28,767 cwts. 19,547 cwts. 

Do. per train-mile 29.4 lbs. 33.8 lbs. 

Do. per engine-mile .. . 28.5 „ 32.8 „ 

There is a clear difference of 4.4 pounds per train-mile run in favour 
of the compounded locomotives, or a reduction of 13 per cent on the 
ordinary consumption. 

When Mr. Worsdell turned out his first compound engine, it was at 
once found impossible to start the engine by simply admitting steam from 
the boiler direct into the second valve-chest, in the case of the first crank 
resting^ on a dead centre. For, whilst steam was acting on the second 
piston, it was also exerting back pressure on the first piston, through the 
conncctini^-cxhaust-pipe between the cylinders. It was necessar\% there- 
fore, to prevent the steam from passing to the exhaust side of the first 
piston. Hence the need for an intercepting valve in the intermediate pipe. 
For this purpose. Mr. Von Borries employs a disc-valve, working on a 
horizontal spindle; but Mr. Worsdell prefers a hinged flap-valve. By the 
simple combination of a starting valve and an intercepting valve, ail diffi- 
cultv in startiniT is removed. 
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Mr. Worsdell's more recent design (iSSg) of compound locomotives, 
constructed for the North-Eastern Railway, to work tlie high-speed express 
trains between Newcastle. Berwick, and Edinburgh, is that of a single- 
driving wheel engine, with a leading bogie, figs. 934, 935. and 936. 

It is compounded on the Worsdell and Von Borries system. The 
c)"linders are inside, 18 inches and 26 inches in diameter, with a stroke of 
z feet; having the capacity- ratio of 1 to 2.09. The valve-chests are on the 
tops of the cylinders. The steam-ports are, for the first cylinder, 1 1 ^4 inches 
by ijl.^ inches, making an area of 20>i inches, or '/ia.4 part of the area of 
the piston. For the second cylinder they are 17 inches by 2 inches, having 
an area of 34 square inches, or '/'ss part of the piston-area. The lap of 
the slide-vaives, of which the first is of the Trick pattern, is i}i inches, the 
lead 3/,6 inch, and the maximum travel $% inches. Inside clearance is 
provided: ^ inch for the first cylinder, }i inch for the second cylinder. 
The piston-rods are of steel, 3 inches in diameter; the slide-blocks are 
IS inches long; the connecting-rods are of iron, 6 feet i inch long, or 
6.17 times the length of the cranks. The wheels, axles, frames, and boiler- 
shell are of steel. The driving wheels are 7 feet ij^ inches in diameter; 
the bogie wheels, 3 feet 7J^ inches; and the trailing wheels, 4 feet 
7j^ inches. The wheel-tyres are 5J4 inches wide, 3 inches thick at the 
tread. The crank-axle is 7?^ inches in diameter at the middle, with two 
journals S inches in diameter, 9 inches long. The trailing axle is 6}^ inches 
in diameter, with journals 7 inches by 11 inches; the bogie axles are 
51^ inches in diameter, with journals 6 inches by 9 inches. The longitu- 
dinal frame-plates are i inch thick ; tfie bogie side-plates are Jj inch thick. 
The bogie axles are 6;^ feet apart; and the total wheel-base is 21 feet 
II inches. 

The barrel of the boiler is of j^-inch plates, 4j^ feet in diameter. 10 feet 
7 inches long. The firebox-shell is of 9/,6-inch plates, except the front 
plate, ^ inch. It is 6 feet long, 3 feet 11 inches wide. The fire-box is 
of copper. There are 203 flue-tubes, i^^ inches in diameter outside, 
10 feet 11^ inches long between plates, pitched at 2'/i inches between 
centres. The grate-area is 17.23 square feet; the heating surface is 
1136.12 square feet, or 66 times the grate-area. 

The working pressure in the boiler is 175 lbs. per square inch. 

Weight of engine: — ,oni twu. qn. lom. t«.. qn 

At bogie wheels, 13 14 o 14 is o 

„ driving wheels, 16 6 z 18 o o 

„ trailing wheels, g jo 2 10 5 a 

Total weight of engine 39 11 o 4* 17 2 

Tender, 17 r6 i 38 o o 

57 7 ' 8° '7 a 



The combined starting and intercepting valves are shown in figs. 937. 
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Steam from the boiler is conducted 
through a 5 -inch copper pipe to the 
valve-chest of the first cylinder, and is 
exhausted through an 8-inch iron pipe, 
arched to follow the contour of the 
smoke-box, into the second valve- chest. 
In this arched pipe the intercepting 
valve is located, over the second cylinder 
— a flap-valve hinged to one side of a 
special valve-chamber forming part of 
the exhaust conduit. The flap-valve, in 
its norma! position, hangs vertically, as 
shown in dot-lining, figs. 937, No. i, clear 
of the thoroughfare. The starting valve 
is fixed on the outside of the smoke-box. 
It consists of two cylindrical valves — 
one within the other, on the same a.xis, 
as shown in figs. 937, Nos. 2 and 3, 
The inner and smaller valve is fastened 
on the starting rod, and, when the rod 
is pulled out by the starting handle, 
the smaller valve is pulled ofl" its seat 
with in the larger valve, and gives pass- 
age to steam in small quantity, which 
is admitted through a small hole in the 
larger valve. By a further movement 
of the starting handle the larger valve 
is pulled off its seat, and there is free 
passage for steam from the boiler to the 
second valve-chest. A piston facing the 
valves is at the same time driven out- 
ward by the pressure of the steam ; and, 
by the rod of the piston, engaged with 
an arm on the hinge-pin of the intercept- 
ing valve, which is prolonged through 
the side of the smoke-box. the intercept- 
ing valve is closed simultaneously with 
the admission of the steam from the 
boiler to the second valve-chest. The 
valves are each under the pressure of a 
helical spring, as shownin No.3.bywhich 
they are kept closed when not pulled 
outwards by the medium of the starting 
handle. The blast-pipe nozzles arc 41^ 
inches in diameter, in both the com- 
pound and the non-com pound engines 
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The engine is fitted with Joy's ralve-gear. By a differentia) adjust- 
fDent of the quadrants in n-hicb the expansion blocks work, the periods 




Fix. «36. -WoruJifl'i l.uni[iauDd Locomntivc: Seclian of Smobc-lxix ud Cylinden. Sole t/ntb. 

of admission may be so controlled as to equalize the works done in the two 
I cylinders. Indicator diagrams taken from a compound passenger locomo- 
I live on the North-Eastem Railway are shown combined in figs. 938 and 939. 



worsdell's compound locomotive, 621 

It appears that the initial pressure in the second cylinder was higher than 




Flgi. 937, "Wondell'i Compound LocomoliTe; InlcrccpEing and Suming VoIto. 

the terminal pressure in the first cylinder. Cutting-off in fig. 938 at 70 per 
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cent, and in fig. 939 at 50 per cent, the nominal ratios of combined expan- 
sion were respectively about i to 3, and i to 4. 

The usual formation of the Scotch express trains worked by engines of 
_ it/iUtTrtu-M *« class now under notice, ranges from 
10 to 12 vehicles — never fewer than 10 
— averaging 14 tons weight Returning, they bring 
back the return mail from Edinburgh, frequently 
consisting of 16 carriages. During holiday traffic 
one engine alone took an excursion train 
of 24 carriages filled, weighing about II 
tons each, from Newcastle to Carlisle 
and back. 

In January and February, 
1S8S, comparative trials of 
compound and ordinary 
passenger locomotives were 
made between Heaton Junc- 
tion and Tweedmouth, on 
the North-Eastem Railway, 
with the following results; — 

No. il Na »n 

io \'ehiclcs, 160 tons. 160 tons. 

Kncinc ami tender. 81.35 n 7'-7o „ 

Kn):ino, temicr, ami train, '4'-35 t. a3i-70 „ 

Miles niii: \ l'"''Ri"« 960 miles. 951 miles. 

(Train 89i>i ,, 892 J4 „ 

(.\->al <.-onsume\l jier train-mile, aS.3 lbs. 36.0 lbs. 

Savinj; bv cv>nuHiun>l cnitme. ^ '■' •■ 

'^ t Ji^- percent — 

WaUTiyrr pound of cofd.. :.6S lbs. 7.7SIhs. 

Total time runniit^.. 27 hr, jSmin. 37 hr. 36 min. 

* ^MitFi-ffft.^ In th,. jij,^^ 1SS6-57, the comparatii-e consumption 

of coal by cv^mpi-'und and ordinarv- goois engines working 
the Newcastle, York, and Leeds hca\y express was as 
folliiws: — 





f9pa» ."C ;bt istr. 
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The slide-valves are driven by 



and of course their axes are not parallel, 

Joy's gear, by the medium 

of rocking shafts. With a 

bogie in front, there is but 

one pair of driving wheels; 

and to ensure a sufficiency 

of adhesion, Gresham's sand 

blast is employed. The 

webs or limbs of the cranks 

are circular discs, 4 inches 

thick. 

The cylinders are 20 
inches and 28 inches in 
diameter, with a stroke of 
24 inches, having the capa- 
city-ratio of I to 1.96. The 
driving wheels are 7 feet 
7J^ inches in diameter. The 
total wheel-base is 21 feet 
1 1 inches. 

There are 203 flue-tubes 
1 3^ inches in diameter ex- 
ternally. The grate*area is 
20.7 square feet; the heat- 
ing surface is 11 39 square 
feet, or 55 times the grate- 
area. 

The working pressure in 
the boiler is 175 lbs. per 
square inch. 

The weight of the engine 
in working order is: — 

Tons, Cwti. Qn, 

At the bogie, 15 18 2 

„ driving wheels, 17 15 o 

„ trailing wheels, 13 o o 




Total weight in working order, 46 13 a 

Do. empty,.. 44 3 o 

It is stated that an engine of this class on one occasion attained a speed 
of 86 miles per hour. 

A list of compound locomotives, on the Worsdell and Von Borries system, 
either at work, in course of construction, or ordered, in November. 1888, 
comprising 86 engines on the North-Eastern Railway, is given in the table 
No. 183.' 

' Derived froDi Mr. Herbert Lapage's paper on " Compound Locom olives," in the Protifdings oj 
tki InstUutkm of Mechankal Engiiiters, iSSo; page :04. 
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LIQUID-FUEL LOCOMOTIVES. 

There are now (April, 1S90) about 600 compound locomotives on the 
Worsdell and Von Borries system, of which there are i30 on the North- 
Eastern Railway. The average results of 12 months' working of these 
120 engines, compared with the non-compound engines on the railway, 
drawing the same trains, 150 tons weight, show an economy of 22 per cent 
of coal. 

Mr, Thomas Urquhart, on the Grazi and Tsaritsin Railway, South-east 
Russia, has ascertained an average economy of iS)4 per cent of petroleum 
refuse in the performance of 12 compound goods engines and three c 
pound passenger engines, as against the non-compound. His trials of 
petroleum refuse against coal and anthracite for fuel, are noticed in the 
next chapter. He finds that the second crank should lead, as it gives a 
better distribution of steam than in engines in which the first crank leads. 
The capacity of the receiver, between the first and second cylinders, has 
been successively increased from equality to the volume of the first cylinder, 
to 1,3 times and 1.8 times, with marked advantage. The pressure in the 
second cylinder does not drop so fast, with the larger recelvt 




Chapter LXXVIH. 

PETROLEUM-REFUSE 

AND TAR BURNING 

LOCOMOTIVES. 

The combustion of pe- 
troleum refuse in locomotives 
has been successfully prac- 
tised by Mr. Thos. Urquhart, 
on the Grazi and Tsaritsin 
Railway, South-east Russia. 
Since November. 1SS4, the 
whole stock of 143 locomo- 
tives under his superin- 
tendence has been fired 
with petroleum refuse. 
The oil is injected from 
a nozzle through a tubu- 
lar opening in the back 
of the fire-box, by means 
of a jet of steam, with 
an induced current of air; illustrated by 

' Sec Mr. Urquhart's paper "On Ihe Compounding of Locomotives bnniinE Petroleum Rcfiue b 
Htt," in the FnxttdiHgs aftlu Imtitution of MtckmUal Enginttrs, 1S90. 
Vol. tl. M 
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passenger and goods engines. A brickwork cavity — or " r^enerative ot 
accumulative combustion-chamber" — is formed in the fire-box, into which 
the combined current breaks as spray ^[ainst the niggjed brickwork-slope. 
In this arrangement, the brickwork is maintained at a white heat, and 




Urqulum't lj>comotiTt; Petroleum Fud — Spr^r Iqjectoc- Salt i^SdL 



combustion is complete and smokeless. The form, mass, and dimensicms 
of the brickwork are the most important elements in such a combination. 
The spray injector is shown in fig. 942. 

Compressed air was tried instead of steam for injection, but no appre- 
ciable reduction in consumption of fuel was noticed. 

The evaporative power of petroleum refuse is given as 19,832 heat units, 
equivalent to the evaporation of 20.53 pounds of water from and at 212' F., 
or to 17.1 pounds at 8}4 atmospheres, or 125 lbs. per square inch, effective 
pressure: against the highest evaporative duty, 14 pounds of water under 
8j4 atmospheres per pound of fuel, or nearly 82 per cent efficiency. 

The relative performances of goods locomotives, using coal and petro- 
leum refuse as fuel, are given in tables 184 and 185. 



Table No. 1S4. — Comparative Performance of Goods Locomotives, \ 
Coal and Petroleum Refuse as Fueu 



Eogine. 


p,„. Number T«a] Triin- 
Wagoiai. 


Total Engine- 




Cot 


6-wheel coupled | 
36-lon goods"! 


! 

Coal in 1882 16.32 866,584 

Petroleum refuse! „^, , ,,--0 
in 1887 1 23-54 1.014,778 


1 Ibi 
1.341.782; 55-65 
1,450,948, 30.72 


7.64 
4.43 


48-to„ goods([ "^t IssT } 39-3= 1 ;S4,87o 


518,313 79.08 

971,421 40-47 


S.84 



' Each uagon 16 tona gross w 
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Table Na 185. — Comparative Performance of Goods Locomotivks, using 
Anthracite and Petroleum Refuse as Fuel. 



EB(i«. 


F111L 


Tnin. 


nUI» 


T«ui-niJt 


6-wheel coupled I 




To 

480 


194 
194 


lU. 
65.92 
31.46 


Petroleum refuse, July, 1883 


8-wheel coupled ] 




620 
706 


1.639 


79-38 
40.25 


Petroleum refuse, May and June, 1884 



On the Great Eastern Railway, Mr. James Holden introduced, in i: 





Id 



^ 



Figs. 943- — Hotden'f Ain»ntui for Bunung liquid Fuel itk Locomotive*. Scale i/48ih. 

a system of burning liquid fuel in locomotives. Four locomotives are 
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now (April, 1890) at work on that railway, fitted on this system, namely:— 



Cylinders. 

1 . 4-coupled-wheel passenger express 18 ins. x 24 ins. 

2. Single do. do 18 „ x 24 

3. 4-coupled passenger tank 17 „ x 24 

4. 6-coupled shunting i6j^ „ x 22 



99 



y» 



99 



Wheels. 

7 feet o ins. 
7 » 6 „ 

5 M 4 » 
4 •• o 



91 



99 



In these engines a mixture of creosote oil and gas tar is used as fuel; but 
in future it is likely to be replaced by foreign petroleum refuse. 

On Mr. Holden's system, illustrated by figs. 943 and 944, as applied to 
a tank-locomotive, in addition to the liquid fuel, a very thin fire of coals, about 
3 inches in depth, is maintained on the grate, as a basis of combustion: the 
tar being injected into the fire-box through two tubular openings at the 

back. The jets strike against and under 
the ordinary fire-brick arch, and a thin 
liningwall of fire-brickis erected against 
the tube-plate, to receive any spray of 
liquid deflected from the inclined fire- 
brick arch. The nozzles or burners of 
the injectors, shown in detail, figs. 945, 
are constructed with two apertures, so 
formed that, whilst a mixture of cur- 
rents is effected, no liquid is directed 
against the side plates of the fire-box. 
The liquid fuel is admitted through an 
annular nozzle, encasing another annu- 
lar nozzle through which steam is dis- 
charged. Air is admitted from the front 
through the central nozzle or passage, 
in the inner portion of which it meets 
and is mixed with the steam and the 
liquid currents. An additional supply 
of steam is delivered through a hollow 
riiii^ surrounding the injecton in separate small jets, which are directed 
dowiuv ards and upwards towards the end of the nozzle, crossing the issuing 




Fy;. ^4.— Holvien's AppAratus for l^uraing Liquid 
Fuel in looomvHives. Scale i 4?th, 





vj:^ nH> t-H** 



iots v^f liquid tuo;. ano *XMU*e 



ixed with a 



francq's fireless locomotive. 
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supplementary induced supply of air. By means of this combination, a 
combustible mixture is formed and is injected into the fire-box, burning 
with a brilliant smokeless flame. The ashpan damper is maintained a 
littic open, to keep the fire aSight; but, in order to prevent the coal burning 
away too rapidly, the greater part of die air so admitted is excluded from 
the coal by a stratum of chalk or lime laid on the grate. 

The liquid fuel is contained in a tank having a capacity of 210 gallons, 
at the back of the engine, as shown in figs. 943, from which the liquid falls 
by gravitation. The comparative results of one week's performance of two 
tank-locomotives of the same class, Nos. 193 and 194, were as follows: — 







fcFoeL 


CodL 


Liquid Fuel. 


Dulk 


TotiL 


Na I 


It* 
14.2 

J9.I 


LbL 
II.O 


.80 


lU. 

a6.o 
19. 1 


J. 

a. 28 

2. a 


No loj 





In making up this statement, coal is charged at i^. i id. per ton, liquid 
I fuel at lyid. per gallon of 1 1 pounds, and chalk at ^s. 6d. per ton. 



Chapter LXXIX.— FIRELESS LOCOMOTIVE. 

DESIGNED BV MESSRS. L^OM FRANCQ AND MESNARD. 



The distinguishing principle of the Francq locomotive is that it depends 
r the supply of steam on its spontaneous generation from a body of 
heated water in a reservoir. As steam is generated and drawn off, the 
pressure falls; but, by providing a sufficiently large volume of water heated 
to a high temperature, at a pressure correspondingly high, a margin of 
surplus pressure may be secured, and means may thus be provided for 
supplying the required quantity of steam for the trip. 

The fireless locomotive, figs. 946 and 947, designed for the service of the 
Metropolitan Railway of Paris, has a cylindrical reservoir, having segmental 
ends, about 5 feet 7 inches in diameter, 26 J^ feet in length, with a capacity 
of about 620 cubic feet. Four-fifths of the capacity is occupied by water, 
which is heated by the aid of a powerful jet of steam supplied from 
stationary boilers. The water is heated up until equilibrium is established 
between the boilers and the reservoir. The temperature is raised to about 
390'' F., corresponding to 15 atmospheres total pressure, or 225 lbs. per 
square inch. The steam from the reser\-oir is passed through a reducing 
valve, by which the steam is reduced to the required pressure. It is 
then passed through a tubular superheater situated within the receiver at 
die upper part; and thence through the ordinary regulator to the cylinders. 

frbe exhaust steam is expanded to a low pressure, in order to obviate n 
f escape. In certain cases the exhaust steam is condensed in < ' 
L 
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vessels, which are only in part filled with water. In the upper free space 
a pipe is placed, into which the steam is exhausted. Within this pipe 
another pipe is fixed, perforated, from which cold water is projected into 
the surrounding steam, so as to effect the condensation as completely as 




Fig' 946-— Tlrcleq LocqcnotiTe, by Ffucq and MesunL Scale i/toeth. 

may be. The heated water falk on an inclined plane, and flows off without 
mixing with the cold water. The condensing water is circulated by means 
j of a centrifugal pump driven by a small three- 

cylinder engine. 

In working off" the steam from a pressure of 
15 atmospheres to 4j4 atmospheres, 530 cubic feet 
of water at 390° F. is sufficient for the traction of 
the trains, for working the circulating pump for 
the condensers, for the breaks, and for electric 
lighting of the train. At the stations the locomo- 
tive takes from 2200 to 3300 pounds of steam — 
nearly the same as the weight of steam consumed 
. during the run between two consecutive charging 
Fig. 94T -Fireioi Loromotiw. Stations, THerc is 210 cubic feet of condensing 
"'"""■ """ water. Taking the initial temperature at 60° F., 

the temperature rises to ahiout 180° F. after the longest runs underground. 

The locomotive has ten wheels, on a base 24 feet long; of which six 
are coupled, 4j^ feet in diameter. The extreme wheels are on radial axles. 
The cylinders are 23^ inches in diameter, with a stroke of 23^^ inches. 

The engine weighs, in working order, 53 tons, of which 36 tons are on 
the coupled wheels. The speed varies from 15 miles to 2$ miles per hour. 
The trains weigh about 140 tons. 




Chapter LXXX.— WOOTTEN'S LOCOMOTIVE. 

Mr. J. E. Woottcn designed and constructed a locomotive boiler for 
the combustion of anthracite and lignite, though specially for the utilization 
as fuel of the waste produced in the mining and preparation of anthracite, 
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amounting to from 20 to 25 per cent of the output of the mines of Penn- 
sylvania. The special feature of the engine is the fire-box, which is made 
of great length and great breadth, extending clear over the wheels, giving 
an area of from 64 square feet to 76 square feet. The draught diffused 
over these large areas is so gentle as not to lift the fine particles of the 
fuel. The system is available for both passenger traffic and goods traffic; 
and there are many such engines in use on the Reading and other lines 
having access to the anthracite region. 

A number of express engines having this type of boiler are engaged 
on the fast trains between Philadelphia and Bound Brook. The firebox- 
shell is 8 feet 8 inches wide, and 10 feet s inches long; the fire-box is 
8 feet by g;4 feet, making 76 square feet of grate-area. The grate is 
composed of bars and water-tubes alternately. The height of tlie fire-box 
is only 2 feet 5 inches above the grate. The grate is terminated by a 
bridge of fire-brick, beyond which a combustion-chamber, 37 inches long, 
leads to the flue-tubes. 184 in number, 2 inches in diameter. The cylinders 
are 21 inches in diameter, with a stroke of 22 inches. The driving wheels, 
four-coupled, are 5 feet S inches in diameter. The engine weighs 44 tons, 
of which 29 tons are driving. The heating surface of the fire-box is 
135 square feet, that of the flue-tubes is 982 square feet; together, 
1 1 17 square feet, or 14.7 times the grate-area. Hauling i 5 passenger cars, 
weighing with passengers 360 tons, at an average speed of 42 miles per 
hour, over ruling gradients of i in 89, the engine consumes 62 pounds ol 
fuel per mile, or 34 J^ pounds per square foot of grate per hour. 

Comparing by trial a freight -engine of the Wootten type with an 
ordinary Consolidation engine, the following average results were obtained 
in running trips of 1 lOj^ miles: — 

Oiditmcy. Woalua. 

Coal consumed per mile run 97J4 lbs. 73 lbs. 

Water evaporated per pound of fuel 6,61 „ 8.93,, 

In virtue of the mildness of the draught in the Wootten engine, there is 
an exemption from the emission of sparks and cinders. 

On the Eastern Railway of France, the Wootten engine evaporates 
30 per cent more water than the ordinary goods engines of that railway. 
In Upper Italy, 8.26 lbs. of water was evaporated per pound of American 
anthracite; 4.20 pounds per pound of Monte-Murlo lignite; 5.29 pounds 
per pound of San Giovanni lignite; 6.26 pounds per pound of Valdairo 
lignite; 8.66 pounds per pound of Cludinico lignite. With Cardiff coal, 
8.9 pounds was evaporated per pound. The Italian engineers concluded 
that in the Wootten locomotive the inferior fuels of the Italian mines could 
be consumed with an evaporative efficiency more than double that obtained 
in the ordinary locomotives. 
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Chapter LXXXI.— JOY VALVE-GEAR. 

The Joy valve-gear, in its normal form, as adapted for iocomottves, ts 
shown in figs. 948. It has already been noticed at page 33, where the 




Ie.idinj: fe.ifjres of the gear hAve been ment-oncd. I: may be added that 
the .inc-:"-»r ;-vsition of the sector is deteraiinevi by means i^f the reversing 
'.e\-er, by ^ihkh it is m.iintatned stat:«^r.-ir>- : an-.', that the reciprtvating 
travel of the valw is errVvted as the reiu,: of the rec;procatir.g vertical 
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movement of the sliding-block in the slot of the sector, by which, according 
to the degree of obliquity to which Jt is set, the horizontal element of the 
motion, and the corresponding travel of the valve, are determined. Ascend- 
ing, the block is moved horizontally towards the front of the engina In 
descending, it is 
moved backwards. 
As already explain- 
ed, the pin of the 
slide-block coincides 
in position with the 
central pivot of the 
quadrant, at the two 
dead-points of the 
crank; and thus it 
follows that the 
valve is in the same 
position for thecom- 
mencement of each 
stroke, whatever 
may be the angle of 
the quadrant and 
the corresponding 
travel of the valve; 

and that therefore 

the lead of the valve 

is constant for all 

periods of admis- 
sion. 

Mr. Joy gives the 

following " Rules for 

laying down the 

centre-lines" of his 

■valve-gear: — 

" Lay down the 
centre-line of the 
cylinder aa, fig. 949, 
and thatof the valve- 
spindle bb, at the 
relative distances re- 
quired forthe engine 
to which the appli- 
cation is to be made, 
the valve -spindle 
centre - line being, 
however, in the plane of the vibration of the connecting-rod. Draw the path 
of the crank-pin, and the centre-lines of the connecting-rod c^ cc" for both 
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upper and lower positions when the piston is at half-stroke. Take a points 
on the centre-line of the connecting-rod, where its vibration between d} and 
d^ is equal to about double the length of the full stroke of the valve (it is 
better to allow rather more than less). It may, however, be chosen very 
much to suit the other arrangements of the engine, such as the position of 
the slide-bar brackets, &c., getting, however, if possible, a vibration of the 
connecting-rod fully equal to double the stroke of the valve, to avoid too 
great an angle of the slide-link when angled for full forward or backward 
gear. 

*' Having chosen the point dy draw a vertical line zz through it and at 
right angles to ^ ^ ; and mark off the two points ^, e^ on each side, these 
being the extreme positions of the point d on the connecting-rod for front 
and back stroke; from these points draw lines to a point /on the vertical, 
so far down that the angle between them shall not be more than 90°, less 
is better, if there is room to allow of it (these will represent the centre-lines 
of the first connecting link pinned to the connecting-rod marked i in 
figs. 949 and 950). The point / which will rise and fall with the vibration 
of the connecting-rod, is to be controlled as nearly as may be on the 
vertical line by a link pinned either forward near the cylinder at/^, or, if 
more convenient, it can be pinned backward. This link, which is called 
the anchor link, is marked 2 in the same figures, or the point f may run 
in a slide. 

'* Next, on the valve-spindle centre-line b b, mark off on each side of 
the vertical z z the amount required for lap and lead together, at g-g^ and 
g-g'^'y g-g^ being * lap and lead' for the front end of the cylinder; and g-^ 
being lap and lead for the back end of the cylinder. Then, assuming 
the piston to be at the front of the cylinder, and the centres of the con- 
necting-rod to be at hfi^ {h} being the crank-pin), the point </, which we 
have chosen to take motion from will be at ^\ and the link pinned to the 
connecting-rod for transmitting motion to the valve will be at e^f. From 
a point on this link, which has at first to be assumed, say at j (which will 
be about one-third more than the half vibration of the connecting-rod, 
that is d to d})^ draw the centre-line of the lever 3 actuating the valve, 
that is joining/ and g^\ the point where this line crosses the vertical 
zz will be the centre or fulcrum of the lever, and will also be the centre 
of oscillation of the curved links 4 in which the blocks carrying the 
centre of the lever slide; this centre is marked w, and stands for both 
centres, which must be concentric at each end of the stroke. The function 
of the link e^-f^ and the attachment of the valve lever to it at / is to 
eliminate the error in vibration of the lever centre m, which would other- 
wise arise, from the arc passed through by the lower end of that lever. 
Although the position of the point / may be found by calculation, it is 
much more quickly found by a tentative process ; and to test if the assumed 
point j be the correct one, we mark off on each side of w, vertically, the 
correct equal vibration required, n^ n\ which will be the same as the 
vibration of the connecting-rod on the vertical line zz. Then apply the 
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distance e^ J to d^j^ and d^ j\ Then, if the length _/'»£ be applied to 
j^it^ (measuring UomJ^) and to _/"'«' (measuring from _/"*), and the point m 
fall below n' h* in each case, it will be necessary to take a point on ^/ 
higher thany"; or if, on the other hand, m falls above «^ w^ then a point 
must be taken on e^f lower than/ This point will generally be found on 
a second trial, but the lengthy, h/ of the lever J, m,^^ must be such that its 
centre ih vibrates equally on each side of the centre of the quadrant, also 
marked m. 

"The point m, as said, now represents the centre of oscillation for the 
links 4 and the centre or fulcrum of the lever 3. And these, as already 
said, must coincide, when the piston is at each end of the stroke, the lead 
being then fixed, and the links can be pulled over from fonvard to back- 
ward or any point of expansion without altering the lead. This may be 
taken as a test of the gear being set out correctly. 

" The point g- will be the point of attachment for the valve-spindle link 
marked 5, which may be made any convenient length, but from that length 
as a radius the curve of the links must be drawn from a centre in' on the 
parallel line ;« — »i'; the angle at which this curve is set from the vertical 
(which is mid-gear) will give forward or backward gear — the angle leaning 
forward s^, or to tlie front of the engine, being forward gear, and the 
reverse s^ being backward gear. The centres for these curves will be found 
at m" and in"'. The amount of the angle, marked on the curve of extreme 
vibration at s-s^ or s-^, will be equal to one-quarter more than the full open- 
ing of the port at that angle (that is if i inch opening of port be required, 
then the amount of the angle s s^ must be ij^ inches), and the point of 
cut-off will be about 75 per cent. Laid out in this form the 'leads' and 
'cut-offs' for both ends of the cylinder, and for backward and forward 
going, will be practically perfect and equal, and the opening of ports also 
as near as possible equal. If a longer cut-off than 75 per cent is required 
it is only necessary to increase the angle of the curve o beyond s^ for for- 
ward gear, or beyond s^ for backward gear It will be noticed that in this 
gear the ' lap' and ' lead" are entirely dependent on the action of the lever, 
Ji ">• S^. as a lever, and may be varied according to the length of >n g^. 
And the opening of the port (beyond the amount given as lead) is depend- 
ent on the amount of angle imparted to the curved link o, and will be, as 
above said, about *lit\\s of the amount of that angle from the vertical, 
measured on the line of extreme vibration. Instead, however, of employ- 
ing a curved link with slide-blocks to guide the centre or fulcrum of the 
lever 3, this centre may be hung in sling-links, having their centres of 
suspension adjustable in the curve m m" ;«", such centres of suspension 
representing the points for 'mid-gear,' 'backward,' and 'forward' going. 
All the rules for laying out the gear will, however, remain the same. 

"Deviations from the above positions and proportions may be made with- 
out materially altering the correctness of the results. 

"Thus, if it is found necessary to raise or lower the centre m, to clear 
wheels, frames, or other gear, without altering the position of the valve- 
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spjndlc centre, this may be done till the angle €£ m m is out of tiie parallel 
of the cylinder centie-line up or down by ooe in thiftrm \\ in 13); it is not 
well to go be>xnid tfais^ but the lines m n^ and i i wiD be pafallH^ and the 
position of the curve for mid-gear will be at r^;ht an^es to m m\ 

Again, the point ^ may be taken eidier above or below the ocntre-line 




Fig. 950. — Joy Valve-gear, adapted for Vertical Engines. 

of the connecting-rod, if it be wished to avoid piercing the rod, the pin at ^ 
being carried in a small bush o^ T * dr attached above or below the connect- 
ing-rod, or to a boss forged scting-rod. 

"Again, for locomot' Is are so small that the link e^ f 

would come too low, point yi and this point 
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connected by a link // to a small return crank ^, on the crank-pin, the 
movement of the counter-crank being equal to that fromy toj\ 

" The diagram is drawn for an engine where the centre of the crank-axle 
is on the centre-line of the cylinder, but if this be below, as is usual in 
American locomotives, then the base-line on which to construct the dia- 
gram of the valve-gear itself will be the average centre-line assumed by 
the connecting-rod for such lowering of the crank-axle centre, drawn from 
c, the middle position, to a point, say r, representing the lowered centre of 
the axle. The vertical z z will be at right angles to this new base-line c r, 
all the other processes following. 

"For vertical engines the same rules apply, by placing the diagram 
vertically and altering relatively the terms 'vertical' and 'horizontal.' 

" While the proportions shown on the diagram give the best average 
results, these proportions may be varied within very wide limits, according 
to the requirements of the design of the engine. Thus, when the distance 
between the centre of the cylinder and centre of valve-spindle is small, as 
with a small cylinder and a long stroke, the link ^^/may be considerably 
lengthened; the pointy will thus be dropped, and convenient angles for all 
the links, &c, will be maintained, the room for the various movements 
being got below the centre-line of the cylinder, when it cannot be had above, 

** In marine engines, fig. 950, the reverse conditions are usual, the distance 
between the cylinder and valve-spindle centres being abundant, and very 
little room available behind the engine. In this case the point ^ may be 
taken out of the centre-line of the connecting-rod, so bringing all the gear 
so much further forward. The end of the link i may then be swung at f 
by the link 2 centred either above, as at /"^ or below, as at /*, or it may 
be carried in a cross slide, /*. 

" Also, to accommodate the centre-lines of the valve-spindles of the high 
and low pressure cylinders (if different), one centre may be carried outwards 
to ^ and the other inwards to ^, from the normal centre-line b — this angle 
may be as much as i in 12 without affecting the accuracy of the gear. 
The centre-line of the quadrant at mid-gear will, however, be always at 
right angles to the altered vertical centre-line. In all cases it is well to 
keep the levers and links as long and the angles as easy as the room at 
disposal will allow." 
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TRAMWAY LOCOMOTIVES. 



Chapter LXXXI I. —EXAMPLES. 

Steam power was first applied on tramways in 1859. It has : 
passed through many stages of development, and the engine has no< 




acquired the character of a finished machine. 
Sons constructed the machinery for the first stfi 
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in England in 1872, to the designs of Mr. Grantham. They secured their 
first patent in April, 1875. In one of its forms the fireless locomotive 
of Francq, patented in 1875, was in a great degree anticipated by Mr. 
L. J. Todd in 1871. Dr. Emile Lamm, in 1872, started a fireless loco- 
motive in New Orleans.' 

CONDENSING TRAMWAY LOCOMOTIVE. 

DESIGNED AND CONSTRUCTED BY MESSRS. MERRYWEATHER & SONS, GREENWICH. 

(Cylinders 7^ inches in diameter; stroke 11 inches; wheels xS inches in diamcler.) 

This engine, figs. 95 1 and 952, is constructed for a gauge of 4 feet Sj4 
inches, and is fitted with two 
7J-^-inch cylinders inside the 
longitudinal framc-piates. It 
has two pairs of 28 - inch 
wheels, coupled, on a base 5 
feet long. The cylinders are 
inclined to clear the coupled 
axle, and they are fitted with 
the ordinary shifting link- 
motion, with reversing gear 
at each end of the engine. 
The boiler is of the locomo- 
tive type, of mild steel, with 
a copper fire-box 2 feet 3j4 
inches square, and 85 brass 
tubes 1 i^ inches in diameter 
outside, 4 feet long. The 
heating surface is iSi square 
feet. The working pressure 
is [50 lbs. per square inch. 
The ash-pan is specially de- 
signed to prevent the drop- 
ping of cinders or the show- 
ing of fire. It can be easily 
cleaned out when required. 
The ash-pan damper can be 
worked from either end of 
the engine. The wheels are 
_ of steel, fitted with rolled 
steel tyres secured by screws. 
The e.xhaust steam is con- 
1 air-condenser, consisting of 404 thin 1-inch copper tubes. laid 




tramways, ; 



c Tmanvayr: Ihtir C'^nstrinrfn^n 
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in three double tiers 5 feet 10 inches long, making 617 square feet of con- 
densing surface, transversely over the roof. These are fastened by ferules 
at each end to longitudinal copper passages or ducts, into which the exhaust 
steam is discharged, and from which the steam is free to pass into the 
transverse tubes. The ducts are divided by internal partitions into sections 
in order to direct the flow of steam alternately from one side to the other. 




In order to fulfil the conditions laid down by the Board of Trade, a 

centrifugal governor is employed, driven by gearing direct from the driving 
axle, by the action of which the throttle-valve is closed when the speed 
exceeds eight miles per hour. Should the speed increase, nevertheless, a 
small steam valve opens automatically for steam to the break-cylinders, by 
which the break is applied. When the speed is reduced below the assigned 
limit, the break is thrown off. The steam-breat -'«o be applied by 

the driver's foot on a treadle. All hand ■ each 

end of the foot-plate. 



KITSON'S TkAMWAY LOCOMOTIVE. 

The engine, empty, weighs about S tons, and with water and fuel 
about 9 Ions. The engine, it is stated, can take, in ordinary working, 8o 
passengers on inchnes of i in 20. 

CONDENSING TRAMW.\.Y LOCOMOTIVE. 
CONSTRUqrSD BY MESSRS. KITSON & Ca, LEEDS. 

The cyHnders are, in this engine, fig. 953, placed outside the longitudinal 
frame-plates, and as high as possible above mud and dust, protected by 
suitable casings. The engine is on four wheels, coupled. Kitson's valve- 
gear is. with the same object, employed. It is a modification of Wal- 
schaerts' valve-gear; and has already been noticed in page 33. The ends 
of a floating lever are linked to the crosshead and the valve-spindle; and, 
intermediately, at a point near the valve-spindle, the lever is pinned to the 
radius-link, which receives its rocking movement through an arm linked to 
the coupling-rod. The motion of the valve and Its spindle is a compound 
of two movements: one. a movement directly the inverse of that of the 
piston, on a reduced scale, for the lead; the other, a reduced duplicate of 
the vertical movement of the coupling-rod, to open the port for steam. 
The boiler is of the locomotive type. The exhaust steam is condensed 
to the extent of two-thirds in a tube-condenser overhead, and one-third is 
dischai^ed into the chimney. 

Messrs. Kitson & Co.'s engines, as employed on the Central Tramways 
line, fiirmingham, weigh, with water and fuel, from 9 tons to 10 tons. 
They can draw a large car holding 60 passengers. 

WORM-GEARED CONDENSING TRAMWAY LOCOMOTIVE. 
DESIGNED BY MR. W. WILKINSON. 

This tramway locomotive, fig. 954, combines a few unique elements. 
Acting on the results of Mr. Dewrance's experiments on the evaporative 
activity of different parts of a locomotive boiler (noticed at page 7O, vol. i.), 
Mr. Wilkinson designed a short locomotive boiler, having flue-tubes only 
13 inches in length. His object was to maintain the water-level in the 
boiler practically constant, whether on level ground or on steep inclines 
such as 1 in 1 1. The tubes are not straight, but of an ogee form, in order 
to yield to expansion without the liability to breakage. The steam is 
exhausted into a condenser, fitted with tubes, also of ogee form, present- 
ing between 200 and 300 square feet of condensing surface. The steam 
surrounds the tubes, and the air for cooling them is drawn through them 
into the ash-pan, to support combustion. The steam that remains uncon- 
densed passes into a superheater in the smoke-box — a rectangular box 
fixed against the tube-plate, traversed by tubes coincident with those of 
the boiler, through which the burnt gases flow into the smoke-box. While 
running on a level line, with a heavy load, in or nearly in mid-gear, there 
i& scarcely sufficient steam left uncondensed to cause the necessary dr 
and in such a case the draught is sharpened by reducing the blast' 
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in applying a thimble to the top of the blast-pipe, which is done by hand 
with a lever. 

In the fire-box, a number of Field tubes (already noticed, page 737, 
vol. i.) are fixed to the roof, between the roof-stays. 

The power of the engine is transmitted through worm-gear to the 
driving-axle. The worm is double-threaded, and one turn of the axle is 
made for 7^^ turns of the worm. The diameters of the worm and the 
wheel are equal, or nearly so — about 12 inches in diameter; and the 
obliquity of the worm-thread is so considerable that on a falling gradient 




Sole i/j«i. 



of I in 70 the worm is propelled by the force of gravity. The worm is of 
Siemens steel, and the toothed wheel runs in an oil-bath, providing con- 
stant lubrication. The carrying wheels are 3 feet 2 inches in diameter. 
There are two cylinders working to a longitudinal crank-axle. It is stated 
that the engine can draw a loaded car weighing 3 tons, full of passengers, 
on a level or nearly level road, with the valves in mid-gear; the steam 
being cut off at 9 per cent of the stroke. At the regulation speed of 
8 miles per hour, the speed of the pistons is 436 feet per minute. The 
engine has been worked at a speed of 16 miles per hour. The machinery 
is compactly placed: and the cylinders, guide-bars, valve-gear, foundation 
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plate, worm, and plummer-blocks can be removed for repair by undoing 
six bolts, and a duplicate substituted. 

COMPOUND VERSUS SINGLE-CYLINDER TRAMWAY LOCOMOTIVES. 

Messrs. John Fowler & Co. constructed compound engines for the 
Brighton Tramway Company, with a view to the economization of steam, 
and to facilitate the disposal of the exhaust steam. They had previously 
constructed many compound traction-engines, with which a saving of from 
25 per cent to 30 per cent of fuel was effected in comparison with single- 
c}'linder engines. 
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MARINE STEAM ENGINES. 



Chapter LXXXIIL— HISTORICAL INTRODUCTION. 

The author was enabled, in 1862, to give a general view of the marine 
steam engine at that time, as manifested at the International Exhibition 
of 1862.* At the Great Exhibition of 1851, paddle-engines in various 
forms were chiefly exhibited, and one or two screw-engines were added 
In 1862, screw-engines in various forms were chiefly exhibited, and one or 
two paddle-engines were added. Whence it appeared that the paddle had, 
in the interval, been to a great extent superseded by the screw for marine 
propulsion — for war purposes, entirely so, for at least one obvious reason: — 
that the screw system of propulsion offered facilities for disposing of the 
whole of the machinery considerably below the level of the water-line, for 
the sake of TCneral stability, and of working with comparative safety out 

of the direct reach of shot But 




No. I. Return Connecting-rod. 
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No. 2. Tnink Engine. 



the necessity for placing the 
machinery in the lowest prac- 
ticable position, and disposing 
it with its greater dimensions 
transversely to the hull of the 
vessel, has enforced the adop- 
tion of special expedients for 
disposing the engine compactly 
and equally on both sides of the 
main shaft, consistently with the 
providing of a connecting-rod 
of sufficient length. In the 
placing of screw-engines, it may 
be said tliat constructors uni- 
formly place the cylinders at 
one side of the shaft, and the 
pumps and condensers at the 
other side. The divergence in 
detail lies in the means of con- 
necting the cylinder with the 
main shaft, which has been 
treated in three wa\-s — bv the 
return connecting-rod. bv moans of the trunk, and bv a short connecting- 
rod — illustrated by the annexed block elevations, ti^ 055. with the same 
proportions of cylinder, and a central screw shatt. The method of the 
return connectini:-Rxi. Xo. i, ^ves a connectin^-rovi live times the len<nh 
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of the crank, and occupies the shortest width of space, transversely of the 
hull, admitting of the cylinders being placed closer to the crank-shaft than 
in other forms of engine. The trunk. No. 2, also affords a five-length 
connecting-rod ; and the short rod. No. 3, is only three and a half lengths 
of the crank, though it occupies the same space as the trunk-engine, 
allowing for the horizontal play of the trunk. No. 4 represents an ordinary 
horizontal engine with a connecting-rod five times the length of the crank, 
occupying the greatest width of all. 

For mercantile purposes, the vertical marine engine was much in favour 
in 1862. 

In 1872, Sir Frederick Bramwell read a valuable paper on the marine 
engines of that time,' before the Institution of Mechanical Engineers. The 
average consumption of fuel in nineteen steamers, of which Sir Frederick 
gives particulars, he shows to be 2.11 pounds of coal per indicator horse- 
power. The working pressures ranged from 45 lbs. to 65 lbs. per square 
inch, and the average speed of pistons was 376 feet per minute. The most 
commonly accepted type of engine was the compound vertical engine, with 
a receiver and two cranks at right angles. 

In 1881, Mr. F. C. Marshall read a valuable paper on tlie marine engines 
of the time, before the Institution of Mechanical Engineers.' He showed 
that the tliree great types of compound engines then in vogue were, in the 
order of acceptance by shipowners, as follows:— 

1. The two-cylinder intermediate-receiver compound engine, having 
two cranks at right angles. 

2. The tandem engine, in which the cylinders are in line, commonly 
known as the double tandem engine = two tandem engines being placed side 
by side, making two cranks at right angles. 

3. The three-cylinder intermediate- receiver compound engine, having 
one high-pressure and two low-pressure cylinders, the steam from the 

'pressure cylinder passing into the receivers, and thence into the two 
lure cylinders respectively. The cranks are placed at equal angles 
round the shaft, so as to cause a balance of forces exerted on the 
"shaft. 

The compound engine, in one of these three forms, was, in 1881, uni- 
versally adopted in England. 

Mr. F. C. Marshall gives the following statement of the average weight 
of machinery, including engines, boilers, water, and all fittings ready for 
sea, per indicator horse-power: — 

Pal H.P. 

Merchant steamer . 480 lbs. 

Royal Navy 360 „ 

Engines specialty designed for light-draught vessels 280 „ 

See the pi[>er, "On the Progress elTecied in Economy of Foel in Stetm Navigation, un- 
lldercd in relation 10 Compoutid-cylinclet Engines nnd High.pressure Steam." in the Pntitdiagt of 
Ht ImiitutiOH of Mfekanical EngiiuK-t, 18721 page 125. 

~ See Mr. Marshall's paper, "On the Progress and Development of the Marine Engine."' in 
i^ Preacdingt of the iHsHlMiicK aj Michanical EHginars, 18S1; page 449. 
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PerI.H.P. 

Royal Navy, Polyphemus- class 180 lbs. 

Modem locomotive 140 » 

Torpedo vessels 60 „ 

Ordinary marine boilers, with water 196 ,, 

Locomotive boilers, with water 60 „ 

Average results of performance of thirty vertical compound engines 
are given by Mr. Marshall: — 

x88x. Avenge. 

Speed of piston, in feet per minute From 350 to 550 467 feet 

Working pressure of steam above the ) j^^^^ ^^ lu- i./> ,.^ ik« mm ^ ikc 
atmosphere | From 70 lbs. to 100 lbs,... 77.4 lbs. 

Condensing surface From 15 18 to 7427 sq. ft. 

Heating surface „ 2379 to 11,045 •» 

Do. per indicator horse-power „ 2.77 to 6.30 „ 3,917 sq. ft 

Indicator horse-power „ 560 to 2745 H. P. 

Coal consumption in 24 hours „ 11 to 51.9 tons. 

Do. do. per I.H.P. per hour... „ i}^ to 2 lbs. 1.828 lbs. 

Heating surface per pound of coal per hour „ 1.647 to 3. 1 2 sq.ft. 2. 1 78 sq. ft 

Mr. Marshall gives the following comparative statement of the average 
results obtained by Sir Frederick Bramwell in 1872, with those of 1881: — 

1873. 1881. 

Boiler pressure, per square inch 52.4 lbs. 77.4 lbs. 

Heating surface per indicator horse-power 4.41 sq. ft 3.92 sq. ft. 

Speed of piston, in feet per minute 376 feet 467 feet 

Coal consumed per indicator horse-power per hour 2. 11 lbs. 1.828 lbs. 

showing an economy equal to 13.37 per cent in weight of fuel effected in 
the interval. 

" The quantity of steam," says Mr. Marshall, " used in the compound 
receiver engine and Woolf engine respectively, are stated by Mr. D. K. 
Clark in his Mayiual of Rules ^ Tables^ and Data to be — 

Receiver engine, 18 to 20 lbs. per indicator horse-power per hour. 
Woolf engine, 20 to 21 lbs. „ „ „ 

It is a remarkable coincidence that the long-voyage results given in the 
Table I. exactly confirm Mr. Clark's figures." Mr. Marshall accepts as an 
average result that the Woolf engine, as usually arranged, will use 10 per 
cent more steam than the receiver engine for the same power. This 
conclusion is confirmatory of the conclusion arrived at in the investigation 
of the principle of the Woolf engine versus that of the receiver engine, 
page 443, vol. i.^ 

The area of surface condensers is usually equal to one-half of the heat- 
ing surface as a minimum ; that is, equal to about 2 square feet per indi- 
cator horse-power. But Mr. Marshall has found in practice that with 

^ See also A Manual of RuUsy Tables ^ and Data^ page 867. 
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1.4 square feet a steady vacuum of 27^ inches of mercury can be main- 
tained. The experiments of Mr. B. G. Nichol' show that when water 
flowed tlirough horizontal brass tubes with a velocity of 7S feet per minute, 
533 units of heat were transferred per square foot of condensing surface per 
minute for each degree P'ahrenheit of difference of temperature. Against 
this Mr, Marshall points out that in general only 200 heat-units are trans- 
ferred for each degree of difference of temperature; so that, even when 
water flows through the tubes at the slow velocity mentioned, there is a 
large margin in allowance for the dirt frequently found in the tubes of 
condensers. 

The method generally followed in practice, of passing the water through 
the interiors of the tubes, is usually more efficacious than the passing of the 
exhaust steam through them ; as in the former case it is very easy to secure 
good circulation of the condensing water. But, in the latter case, the water 
may be directed fairly across the tubes with the aid of diaphragms or 
baffle-plates. 

The marine boiler of 1881 was, in all its main features, the same as 
that of 1S72, and of the present time: — cylindrical, flat-ended, with two, 
three, or four furnace-tubes opening into a back combustion-chamber; and 
return flue-tubes, opening into a smoke-box at the front. This form is 
known as single-ended. Double-ended boilers also are constructed, having 
furnace-tubes at each end, opening into a central combustion -chamber 
common to both; whence the burnt gases pass through flue-tubes to a 
smoke-box at each end, whence the gases are collected and conducted to 
a common chimney. 

The first compound marine engine, introduced by Messrs, Randolph, 
Elder, S: Co., was of the Woolf type, in which the two pistons moved 
simultaneously in opposite directions. Expansion was promoted in the 
first cylinder to the desired extent during the steam-stroke; and in the 
return-stroke the expansion was continued simultaneously in both cylinders 
down to the point of cut-ofl" in the second cylinder. The temperature of 
the steam varied through the range that would have taken place in a 
single cylinder, except the drop that took place between the temperature 
at the cut-off and that of tlie condenser. While this type was in use, 
according to Mr. A. C. Kirk, the compound marine engine made but little 
progress: the results were no doubt better than in the ordinary single 
engine, but they were not what they could be. The action was materially 
improved by the introduction of the intermediate receiver and the separate 
cut-off in the second cylinder. It appears that the receiver-type of engine 
was introduced and brought prominently forward by Mr. E. A. Cowper, 
who states that "about the year 1838 a small steamboat, the Era, had a 
high and a low-pressure cylinder, with a pipe connecting them and cranks 
at right angles; in 1S57 a pair of 60 horse-power engines, with high and 
low pressure cylinders, had a steam -jacketed receiver added to them by 
E. A. Cowper; in 1S62 he improved the receiver, and in 1864 he read a 
' See A A/anuai ef Rulis, Tabla, and Diita, pnge 476. 
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paper on Compound Engines at the Institution of Naval Architects."^ By 
means of the receiver the range of temperature in the first cylinder was 
materially reduced. 

It may be taken that for mercantile marine service vertical steam 
engines arc universally employed — compounded in two, three, or even four 
cylinders, in which successively the steam is expanded. "Compounding" 
signifies specifically a combination of two cylinders for the continued 
expansion of steam in the first and the second cylinders successively; and 
although the expression is competent to cover any number of cylinders for 
continued expansion, the expression "triple-expansion" or "treble-expan- 
sion** is applied to the use of three cylinders successively for expansion; 
and "quadruple" or "double-compound** to the use of four cylinders. 

In tlic majority of cases, when the power equals or is greater than 1500 

indicator horse -power, for new ships, 
considerations of cargo -space do not 
very much interfere with the practica- 
bility of an engine-room of sufilicient 
length to receive an engine of six bear- 
ings for the shaft, with link-motions and 
the valves in line with the cylinders. 
But, for smaller powers, it is of import- 
ance that the engines should be com- 
pactly designed, to occupy as little space 
as possible, in a fore-and-aft direction; 
particularly in cases where new triple- 
expansion engines are required to be 
fitted in old steamers that have had com- 
[x^und engines in them ; and when it is 
of couree of importance that the length 
of the cngine-rvx»m should not be altered. 
To mec: such conditions* Mr. Mudd de- 
sii^^^.evl triplc-ocpansion c>-linder engines 
with four bearings and d\*namic \-alve- 
p:.ir. of which the engines of the S.S. 
Ccv^to, to be ifterwiris ncticed, are a 
\xrv' Cvxv! cxir.:r!e. 

Tr.e T,vr.c.cn: vTc^rrirocrii Engine, fig. 
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instead of three. But, as heretofore constructed, they have been attended 
with considerable drawbacks, notably the two stuffing-boxes required 
between the cylinders for the piston-rods and valve-rods; die difficulty of 
access to the lower cylinders for examination or for repair; and the im- 
possibility, in many cases, of replacing packing-rings or pistons without 
removing the upper cylinders, which is a process involving the breaking 
of steam and other joints. In the engines of the Arawa and the Tainui, 
and like engines, constructed by Messrs. Denny & Co., and others, these 
drawbacks have been minimized or removed by contrivances which will 
be described. 

The tandem system of vertical engine is more generally employed in 
duplicate, as the Double Tandem Engine, or two tandem engines side by 
side, working two cranks at right angles. It has been applied in triplicate 
to the City of Rome. 

A modification of the simultaneously working cylinders for paddle- 
wheel engines, fig. 957, was introduced by Mr. John M. Rowan about the 




year 1861. Three cylinders, one high-pressure and two low-pressure, are 
placed vertically, side by side, having the three piston-rods attached to one 
crosshead, with a return connecting-rod, on the steeple system, applied to 
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^^^Bive paddle-wheels. Two sets of three cylinders each are connected to 
^^B&anlcs at right angles on the shaft Engines of this type were constructed 
by Messrs. Randolph, Elder, & Co. for the Propontis, a vessel of looo tons 
register, and they (in 1882) continued to work very satisfactorily, with 
steam of 130 lbs. pressure per square inch. As applied to paddlc-stcamers 
f great power, by Mr. Douglas Hebson, each set of cylinders is worked by 
Ue valve and motion, on Mr. F. C. Marshall's system, already noticed, 



;30. 
For SI 



r service, the three-cylinder system, is necessarily inverted, : 




Olown in figs. 958, which illustrates the form introduced into transatlantic 
steamships — one high-pressure cylinder, between two low-pressure cylinders, 
having an intermediate receiver, and working to one shaft, with three 
cranks at equal angles. Several such engines arc at work, and they have 
given satisfaction. The Arizona, of the Guion Line, was one of the first 
fitted with such engines. The Servia, of the Cunard Line, has like engines, 
with a 72-inch high-pressure cylinder, and two 100-inch low-pressure 
cylinders, having 6^ feel of stroke. 



TRIPLE-EXPANSION MARINE ENGINES OF THE ISA. 

THE SEMI-TANDEM TRIPLE-EXPANSION ENGINES OF THE ISA. 
(Cylinden lo inches, 15 inches, and 38 inches in diameter; stroke x reel.) 

One of the first marine engines, if not the first, constructed for. triple- 
expansion, is that of the yacht Isa, belonging to the Royal Thames Yacht 
Club, the property of Mr. E. C. Healey, constructed by Messrs. Douglas & 
Grant, Kirkcaldy, to the specification of Mr. A. Taylor, Newcast!e-on-Ty(ie 
She is a doubie-masted yacht, having 118 feet length of keel; 18}^ feet 
entrance breadth. 10 feet 5 inches in depth, moulded; 248 tons measure- 
ment. The Isa has three cylinders and two cranks. The first cylinder 
is placed above the second cylinder, tandem fashion, and the two have one 
piston-rod, crank-pin, and link-reversing gear. The third cylinder stands 
beside the second cylinder, and is connected to a separate crank at right 
angles to the first. The cylinders are respectively 10, 15, and 28 inches in 
diameter, with a stroke of 2 feet, having areas as i, 2j^, 7.84. The first 
and second cylinders are steam-jacketed; the third is not jacketed. Steam 
is supplied from one boiler, 84^ feet in diameter, 8}4 feet long, of i-inch 
iron plates, having two 33-inch furnace tubes and 106 return flue-tubes 
2^ inclics in diameter. The working- pressure is 120 lbs. per square inch. 
The crank-shaft and screw shaft are of Lowmoor scrap, having 5j^-inch 
journals. The surface- con denser has 1^-inch tubes, giving 350 square feet 
of surface. The air-pump is loj^ inches in diameter, witli a stroke of 
12 inches. The propeller is of gun-metal, having two blades 8J^ feet in 
diameter, 12;^ feet in pitch. At a speed of 112 revolutions per minute 
a speed of 12 knots an hour was obtained. The vessel has been reported 
to be extremely economical in fuel. 



Chapter LXXXIV.— THE SEMI-TANDEM VERTICAL TRIPLE- 
EXPANSION ENGINES OF THE S,S. CLAREMONT. 



(Cyliniiers 14X inches, 10^ inches, 40 inches in diameti 



stroke 33 inches.) 

1 breadth, with 1 3 feet 



The S.S. Claremont is 180 feet in length, 29 feet 
of depth of hold, carrying 800 tons of coal ; of 672 gross registered tonnage, 
or 43 1 net tonnage. The engines and boilers were constructed according 
to the specifications of Mr. A, Taylor. The engine, fig. 959, has three 
cylinders, compounded in succession, like those of the Isa: the first and 
second in tandem, and on one crank, with one piston-rod, crank-pin, and 
link-motion; the third side by side with the second cylinder, on another 
crank, at right angles to the first The working pressure is 1 50 lbs, per 
square inch. 

The cylinders have successively 14}^ inches, 20ji inches, and 40 inches 
diameter, with a stroke of 33 inches. The areas are as i, 2.14, 7.85. 
The first and second cylinders are made with liners, and steam-jacketed. 
The first, cylinder is supported on the second by three wrought-iron 
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coliiiiins, socketed into each. The cover of the second cylinder is in halves, 
ivilh .'I verticil! flangcd-joint, divided through the stuffing-box in order that 
the piston may Ix; readily removable when required. The third cylinder is 
(ilted with a hand starting-valve, from which the escape steam is led into 
the exliau.st-[iort. Tiiu slide-valves are of cast iron. Those of the first and 
second cylinders are balanced, on Dawes' 
system ; that of the third cylinder is two- 
ported for steam. A receiver is formed 
in the Ciising between the second and 
third cylinders. The steam-pipes are of 
4j^-inch wrought-iron welded tubes, 
}^ inch thick, with wrought-iron flanges 
screwed on the pipes and brazed. The 
throttle-valve is 4j4 inches in diameter, 
worked by a governor or by hand. The 
pistons arc cored out hollow, being 
stiffened by ribs, and fitted with Mather 
& Piatt's steel coils within cast-iron 
packing rings The piston-rods are of 
forged iron, 2^ inches, 4 inches, and 
4 inches in diameter respectively. The 
connecting-rods are sf^ feet long, or 
4.2 times the length of the cranks. They 
are 4 '4 inches in diameter. The valve- 
gear consisL* of an ordinary* link-motion. 
The surface-condenser has 650 square 
U 191 U lv!ti-i L_^5-^ 'C^ ^"^^ '^^ condensint: tube-surface. No. 17 
"~r 1 I r tia' i"'- 1^1 wire-s;.U!i?>, in i-inch brass tube-plates, 
■ 1 ^ AT ^^ ITt' with !;'.,inds screwed on cottcn packing. 

The watiT :s r.issed thro'^gh two sets of 
I'ubes. The iir-purr.p is single-acting, 
'.av::-.^ 1 .'^ ci^bic :"ce: of cApacit}-. with 
K;"i;hor:-. v.i'ves. The c:rcu'aT:n^ pump 
s J.';:b-o-,i,-::ni;, »::>. zhc sj.:r.e kind of 




;f at dacffliR::^ s^.-. 
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thick, II feet 8 inches in mean diameter, and 10 feet long inside, having 
three furnace-tubes 2 feet gj4 inches in diameter, and separate combustion- 
chambers; and 182 iron flue-tubes, 3j^ inches in diameter outside, No. 9 
Mrire-gauge in thickness, 7 feet long, at 4^ inches between centres. The 
shell is double -riveted circumferentially, and butt -strapped and treble- 
riveted longitudinally, with i ^-inch steel rivets. All rivet-holes were drilled 
with the plates in place; and those below the level of the axis of the shell 
are countersunk at both sides. The shell is surmounted by an upright 
cylindrical steam -chamber, 35^ feet in diameter, 4 feet high, connected 
with a neck-ring. The front and the back of the boiler are each in three 
J^-inch plates, flanged to take the circular shell-plates, and welded where 
joined at the corners. The back tube-plates are ^ inch thick, flanged. 
The furnace -tubes are ^ inch thick, the upper plates of best Yorkshire 
iron. The backs of the combustion -chambers are of 5^ -inch Yorkshire 




First Cylinder. Vertical scale 128 lbs. per inch. 





Second Cylinder. Vertical scale 64 lbs. per inch. 




Third Cylinder. Vertical scale 64 lbs. per inch. 
Figs. 960. — S.S. Claremont. Indicator Diagrams, at 79 revolutions per minute. 

plates. The heating surface amounts to 1 300 square feet The boiler was 
tested by hydraulic pressure to a pressure of 300 lbs. per square inch, and in 
steam to 185 lbs. The shell is coated with silicate cotton and galvanized 
sheet-iron, No. 12 wire-gauge. The chimney is of 3/i6-inch plate, 4 feet in 
diameter, 40 feet high above the level of the fire-grates, fitted with a 
damper at the base. 

At a speed of 79 revolutions, or 435 feet of piston per minute, indicator 
diagrams, exemplified in figs. 960, showed as follows: — 
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Initial PresMire Eflfcctiwe If^ui 

Cylinder. Valve cuu off at. above Atmo- ^I^huit Indicator Hone-power. 

iphere. 

i8t, ^ 146 lbs. 58.15 lbs. 121.18 H.P. 

2d H 62 „ 35.65 „ 151.1 „ 

Total indicator horse-power, 445-i3 „ 

The boiler and mountings weighed 31 tons; the engine, &&, 60 tons; 
total weight, 91 tons. 

Mr. Taylor gives particulars of the comparative performance of the Isle 
of Arran and Claremont, the former designed by him in 1881, as well as 
the latter.^ The vessels were constructed by the same builders, of the 
same dimensions, from the same model The Isle of Arran was fitted with 
compound engines, having 23 -inch and 46-inch cylinders, of 33 inches 
stroke, worked with steam of 100 lbs. pressure per square inch, from a 
cylindrical boiler 12^ feet in diameter, 10^ feet long. This steamer and 
the Claremont were loaded in the Tyne in June, 1882, with the same coals 
as cargo and as fuel for the voyage. They started on the same tide for 
Oporto, whither the Claremont arrived in 4^ hours less time than the 
Isle of Arran. The Claremont returned with a cargo of 733'Vao tons of 
ore ; and the Isle of Arran with 690 tons of ore. The total miles under 
steam were 3030 for the Claremont, 2596 for the Isle of Arran; and the 
coals consumed were respectively 100 tons and 105 tons, showing a saving 
of 20 per cent in favour of the triple-expansion engine of the Claremont 



Chapter LXXXV.— VERTICAL TRIPLE-EXPANSION MARINE 

STEAM ENGINES. 

DESIGNED AND CONSTRUCTED BY THE CENTRAL MARINE ENGINEERING COMPANY, 

WEST HARTLEPOOL. 

ENGINE OF THE S.S. COOT. 
(Cylinders I9>^ inches, 32^ inches, 53 inches in diameter; strokes 3 feet.) 

The S.S. Coot is a vessel 270 feet by 37 feet, with i8>^ feet mean 
draught, carrying 2650 tons. The engine of the Coot, figs. 961 to 963, 
constructed on the patents of Mr. Thomas Mudd, consists of three inverted 
cylinders placed side by side and bolted together, working to the crank- 
shaft below on four bearings. The cylinders are supported on framing 
placed under the first and third cylinders, bolted to a spacious sole-plate, 
one casting, which is formed with a flat bottom, planed on the lower side, 
and rests for its whole width upon the engine-seating of the hull. 

The continuous flat bottom of the sole-plate is a special feature of this 
engine, contrasting with the ordinary system of separate front and back 
stool-supports. It lends itself also to a system adopted in the Central 

^ See a letter from Mr. Taylor in THi dMimtmtiU GeutU, July 6, 18S2. 
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works, of erecting engines on a massive level table as a temporary base. 
On this system, all the main bearings are bored simultaneously, and faced 
down the sides. Thus, whilst the bed-plate rests on a perfectly level surface, 
perfect alignment of the main bearings is secured, and the bed-plate, 
framing, and other parts remain undisturbed, until the engine is completely 
erected. The bed-plate is 14 feet 8 inches wide, by 1 1 feet from front to 
back, with a projection for the air-pump, generally of i-inch metal. The 
main bearings are cast with the bed-plate. The engine stands 18 feet high 
above the base. 

The cylinders are respectively ig'A inches, 32}^ inches, and 53 inches 
in diameter, with a stroke of 3 feet; having piston-areas in the ratio of i, 
3.7S, and 7.39. The cylinders are each thoroughly steam -Jacketed. They 
are of" iJS-inch metal, and are fitted with liners or barrels of the same 
thickness. The liners are tightly shrunk upon in their places. They are 
only secured in place, in addition, each by three screw bolts throujjh the 
upper end, at the recess, which are screwed horizontally into the jacket, 
and arc countersunk, in order to clear the piston. The liners are after- 
wards faced at the top, flush with the cylinder flanges, so that the cylinder- 
cover bears equally on the flange and the liner, and holds this firmly in 
place. This simple method of fixing the liners is quite satisfactory, Each 
jacket is supplied with steam from an independent pipe, so that any jacket 
can be used or disused as required, or the pressure in the jacket may be 
regulated. The usual pressure maintained in the first jacket is that of the 
boiler. 150 lbs. per square inch; in the second jacket, 80 lbs.; and in the 
third, 40 lbs. The cylinders are placed at equal distances of 41^ feet apart 
between axes, or 9 feet between the first and third cylinders. They are 
united together with faced bracket joints. These are not steam-joints. 

The two vertical forked columns are of box section, of i-inch metal, 
and are well adapted for resisting stress, both transversely and longitudi- 
nally. They are 10 feet high, 2 feet 7 inches deep horizontally at the lower 
end, tapering to 15 inches deep at the top. Frontwise, they have each a 
total width at the base of 5 }4 feet over the flanges : each limb of the fork 
is 8 inches wide, and the upper end is 14 inches wide. The forked columns 
are 9 feet apart between centres, as the extreme cylinders are; but they 
are not central to these cylinders. They are placed with their centre-lines 
2 inches off the centre-lines of tlie cylinders, in order to make room for the 
eccentric gear of each cylinder respectively. They are used as oil-tanks, 
and can hold 300 gallons of oil. The absence of a column at the middle 
cylinder lays open the machinery and renders it easy of access. 

The back column is of cast iron, hollow, one piece with the upper part 
of the condenser. They arc joined to the bed-plate with the lower part 
of the condenser, with a horizontal flange joinL 

All the frame joints are horizontal — an excellent feature in the design 
of the engine. 

The guides for the crossheads consist of cast-iron plates bolted to the 
back columns, having wrought-iron pipe water-courses cast within them 



h 
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for the drculation of cold water. An interspace is left between the columd 
and the guide-plate for the circulation of air. The go-aslem guides a 
bolted at the sides in the usual manner. 

The cylinder-valves are piston-valves, placed each at the back of itsv 
proper cylinder, close to it, and so limiting the clearance-space to a mini-9 
mum. The ports are formed all round the valves. The castings are oiW 
^S-inch metal. The valve-chambers are lined with separate hard linei^T 
like the cylinders. The weight of the valves and spindles is supported byl 




Fta. j»r.— Triple-Mpui! 



the pressure of the steam; so that the valves are in all respects in equili- 
brium, and the valve-gear has comparati\ely light duty. In the first and 
second cylinders the upper ends of the valve-spindles are, for this purpose, 
ptvjongcd through tlie valve-box, where they are of laiger diameter than at 
Ike lo«-cr ends. For the third piston valves, which contain steam between 
(te ends of the valves, the upper end is a little larger than the lower. 



rtween J 
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Diameter of pision-valves ioj4 inches. 16 inches. 23 inches. 

Maximum travel, 4^ „ 4^ „ 8^ „ 

Lead, top o „ o „ Vj. .. 

Do. bottom.. Wj, „ «/64 .1 '/" " 

Mean clearance at top and bottom, S.Spercent. 8.75 percent. S.ipercent 

Throw of eccentrics, 6^ inches. O'/i inches. 6}^ inches 

Normal cut-off, 60 percent. 55 percent. 55 per cent 

mum cut-off, 70 „ 




Fl(, g6).~TripI<-<ipuui 



The main and branch steam-pipes are of copper. No. 4 wire-gauge, 
SJ^ inches in diameter. The steam-pipe from the first to the second 
cylinder is 10 inches in diameter ; that from the second to the third cylinder 
is 15 inches; and the exhaust pipe to the condenser is 16J4 inches. 

The surface -condenser is of i-inch metal. It has 578 condensing tubes 
of solid-drawn brass, J^-inch In diameter, No. 19 Birmingham wire-gauge in 
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thickness, placed at l",6 inches of pitch. They are 11 feet 11^ inches long 
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between the plates, and present 1 356 square feet of area. The condensing 
water is circulated through the tubes, the steam being condensed on the 
outside of the tubes. The water is circulated by means of a double-acting 
reciprocating pump, having a 9 -inch steam cylinder, with a stroke of 
24 inches. The air-pump is single-acting, 15^ inches in diameter, with 
a 24-inch stroke. 

The crank-shaft is of forged scrap iron, excepting the crank-pins, which 
are of steel. The shaft is loj^ inches in diameter, and is constructed in 
four sections, of which three consist each of a crank and a journal. The 
fonvard cheek of each crank is recessed to receive the flange of the neigh- 
bouring section ; and they are fastened together by screw-bolts. To the 
forward crank the forward Journal is likewise bolted. The three principal 
sections are exact triplicates, and are interchangeable. The bearings are 
of great length, the two intermediate bearings being 23^4 inches long, and 
extending the whole distance between the first and second cranks, and the 
second and third cranks. The forward bearing is 15 inches long, and the 
aft bearing is iS inches long. The crank-pins are of steel, hollow, I2j4 
inches long, loj^ inches in diameter, 4 inches wide. The crank-cheeks are 
tightly shrunk upon them. There is no other fastening. 

The main bearings are made, not of brass as is usual, but of strong 
blocks of cast iron, lined with white bronze (Parsons' No. 2), held down by a 
wrought-iron covering plate, 2% inches thick, and 2J^-inch bolts and nuts. 
On this system of extended bearings abundance of bearing surface is 
provided both for the journals and for the crank-pins. The journal bear- 
ing surface is effective too, as the long intermediate bearings common to 
two cranks take the stress of both cranks alternately. Obviously, four 
bearings arranged as those of the Coot are more effective than six shorter 
bearings brought within the same compass. 

The valve-gear, figs. 964 and 965, is a modification of the so-called 
dynamic- motion of John Hackworth, and is worked for each cylinder by a 
single eccentric, foiled solid with one of the crank-cheeks. The eccentric- 
straps are 4j^ inches wide, lined with phosphor bronze, and adjustable in 
two directions. The valve-spindles and valve connecting-rods are of steel 
By the hand-wheel on the gears of the first cylinder the period of admission 
in this cylinder is regulated, and by the other two hand-wheels the cut-off 
is adjustable in the second and third cylinders, all independently. 

The steam revcrsing-gear consists of a two-cylinder oscillating engine 
placed on the condenser, and working direct on the reversing-shaft On 
this shaft a worm is fixed, which turns a worm-wheel which may be turned 
round and round in one direction, reversing the engine at each revolution. 

The pistons are each 7;^ inches thick, fastened on the piston-rods with 
a nut on the ends. The piston-rods are of Siemens- Martin steel, each 
51^ inches in diameter, having each a solid-forged head and a cap fastened 
to the head with two bolts and nuts with brass bushes. 

The connecting-rods are of foiled scrap iron, y% feet in length, or five 
times the length of the cranks. They are uniformly tapered from 6% 
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inches in diameter at the crank-pin end, to 5^ inches at the crosshead end. 
Each rod is forked to take the crosshead-pin, which is 6yi inches 10 dia- 
meter, with a bearing 9 inches long. The crosshead-pin of the third 
cylinder is prolonged at each end to give connections for working the 
levers by which the reciprocating pumps are workecL 

All nuts are of steel. 

The normal speed of the Coot's engines is 65 turns, or 390 feet of piston 




per minulo. Averuje indicator i.li.i^r.uns, taken for a speed of 63 turns per 
minute in regular work, bj- c.tloulatt< "6 indicator horse-power. 

In later practice, as the ciigiiK «noothIy, Mr. Mudd works 

them at higher speeds. The no" k stroke of 6 feet, as in the 

Coofs engines, is now fixed at feet of piston per minute. 




DOUBL.E.F.ND BOILER, 13 ft. 
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DOUBLE-END BOILER, 13 fl. i 
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according to a regulated table of speeds for different strokes drawn 
Mr. Mudd. The power is proportionally raised to 750 indicator 
power. 

The working pressure in the boilers is 150 lbs. per square inch 
the atmosphere. There are two single -ended cylindrical boilers, Plate 
XVI. figs. 1-3, I2j^ feet in diameter, lo;-^ feet in length, outside measure. 
They are constructed entirely of steel, except the flue-tubes, which are of 
wrought iron. The nuts are of solid weldJess steel. The shell is composed 
of two rings of plates, I'/ga inches thick, a back plate in two pieces, "Wj, 
inch thick, and a front plate in two pieces, "/'S inch thick. There are two 
of Fox's corrugated furnace-tubes, of 9/i5-inch plates, 46^ inches in dia- 
meter outside the corrugation, 43J^ inches at the plain portion. They 
open into two combustion-chambers at the back, one to each tube, 2 feet 
4)^ inches long at the top, of 5^-inch plates, except the front or tube- 
plate, "/16 inch, from which there are 86 flue-tubes, $% inches in diameter 
outside, from each chamber to the smoke-box at the front 



up by ■ 

horse- ^M 

above ^M 



r~^ 




Fig. 96(.— S.S. Cool' 



The ring-plates are flanged at each end, to take the end plates, which 
are plain discs, and are applied direct to the flanges. The process of 
manufacture is as follows, in the words of Mr. Mudd: — "After the shell- 
rings are bent to the circle, we weld each joint by means of a glut for a 
distance of about 1 S inches from the edge ; that is, at the edge which curves 
towards the end of the boiler. We now have a ring, one edge of which is 
a complete unbroken circle of metal. We now, by means of a furnace and 
hydraulic pressure, flange this edge inwards all round — a severe test of the 
welding. Then, having fixed the several pieces of the flat end plate in 
their proper relation to each other, so as to form a circular disc, the ends 
of tlie joints in it are welded for a length of about 12 inches from the 
edge — each end plate thus presenting an unbroken edge all round. This 
end disc can be riveted to the flanged shell-plate without difliculty, and 
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witlu)iit the slightest chance of the material being locally strained in draw- 
ing' tlic two parts together. This is one of the most important advantages 
of the new plan of construction. I contend that when the end-plate is 
flanged and placed inside the rings of the shell-plates, as is commonly 
done, it is quite impossible for the ring to be a sufficiently tight fit on the 
fl.int^'c of the cnd-platc to be riveted up tightly all round, without pucker- 
ing somewhere, and so setting up local strains. These are, to my mind, 
a likely cause of some of the failures in steel shell-plates that have occurred." 
When the ring is welded and flanged, and ready for drilling, it is placed 
in a l.irgc stove, having the flange downwards, and is heated by large fires 
beneath it, in order that any unequal straining of the metal due to the 
treatment may be cased at a red heat. 

The longitudinal seams arc double-strapped or double-welted at the 
unweldetl portions, between the end welds, as shown in Plate XVI.; thus 
obviating the riveting together of three plates — an important consideration 
in view of the great thickness of plates now necessary. The ends of the 
straps stc^pping short clear of the rounding and flanging at each end ot 
the shell, they can be eflcctivcly caulked inside and outside; and as the 
entl seam of rivets is on this system entirely at the front, it is more freely 
accessible for repair at the lower part than when, in the usual manner, it 
is placed on the circumference of the ring. 

The double strap joint for the longitudinal seams is made with two 
plates, P ^j inches thick, 15 *j inches wide, and triple zigzag riveting. The 
rivets of each K^igitudinal row of rivets arc at 6/8 inches of pitch. The 
centre-lines of the outermost rows are i^s inches from the edges of the 
plates. The circular seam between the two rings of plates has 5 inches 
of lap, and is double - riveted, at 4 inches of pitch longitudinally, and 
I ^- inches from the edges of the plates. The ring-seam and the seams 
of the cnd-pUites and ring-plates arc double-riveted to the ring-plates with 
l» ;..-inch rivets, at 3?8 inches of pitch in line. The pieces of each end- 
plate are j^^incd with 4*.. inches of lap, and double-riveted witli P 32-inch 
rivet holes at 3?^ inches of pitch in line. 

The sectional area o\ the rivets is. according to Lloyds' formula, 
87.0 per cent of that of the solid plate; and the net sectional area of plate 
at the rivet -joint is ^^4.70 per cent. According to Mr. Mudd's usual prac- 
tice, the rivet percentaj^e is a little in excess of the plate percentage. 

The plates of the combustior.-chamber are riveted toirether with r^-inch 
rivets at j »^ inches of pitch. The bottom of the combustion - chan:ber 
is wclJ.sd to the comic ucv: t*i:rnaco-:;:bc>. and there is no seam there— 
a si:;:.i:io" in which scams i:c::cra::y are ven- :ro::b:es'::'::e — excev: the 
se.r:^ vV-"cc::n^ the botto::: yla:^ w::h tlic bajk vlate. T::e nat bo::om is 
s:i:'c-.v: ui:h tuv^ a:— Ie-:ro"s -iv^tc: :o ::. v :;e of which is aL'L^::ec a: the 
wclJ. a::.: strc::^thc-s it. The watcr-s^ace ai the back :s rj , inches \v:ce 
a: :h.c :v::.^!r.. widened to - inches at the top. The latera. srajcs are 
:'■: :-chos u-.:c. a::d the middle '6^ inches. The fi:rraje-:;:b^s are 

cac'a " fee: Is^r.:. ar.d t!:ev are itd to the tube-p.a:e \v:u: i -:::..- 
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rivets at 3]^ inches of pitch in line, and to the shell-plate at 3'/»6 inches of 
pitch, They have fire-grates 5 feet long, 44 indies wide. The lateral 
spaces in the corrugations arc not filled up. 

Of the 86 flue-tubes from each combustion-chamber there are 28 stay- 
tubes 3/16 inch thick, screwed at the rate of 10 threads per inch, and 
riveted at the smoke-box end; and 58 plain tubes, No. 9 imperial gauge 
in tliickness. The tubes are at a pitch of 4^ inches, and are 7 feet long, 
measured over the plates. 

The com bust ion -chambers are stayed to the shell with ij^-inch screwed 
bolts, at 8}i inches of pitch, cup-headed. The top of each chamber is 
stayed by five stay-bars S% inches deep. The upper parts of the ends of 
the shell are stayed by 16 stay-bolts with double-nuts at each end, pitched 
at I3j^ inches apart, of which four central bolts are sig inches in diameter, 
and the remainder are 2}^ inches. There are, in addition, two 3j^-inch 
stay-bolts for the lower part of the end-plates — one on each side of the 
mud-hole, fixed with double-nuts at each end; and there are two 2'^-inch 
iron bolts to stay the back tube-plate to the front end-plate. These are 
of iron, because they must be welded — welding in steel stays not being 
allowed by Lloyds*. They are pinned to studs riveted to each plate. The 
back end-plate is stayed to the bottom of the shell by a J^-inch gusset- 
plate, 13 inches wide, fastened by i-inch stud-bolts and nuts, screwed 
through the plate, with nuts to join up the angle-irons. 

An objection may be made to boilers constructed with the flat circular 
seams at the ends, as described, that the flanging of the ring-plates causes 
the furnace-tubes to be placed at a little higher level within the shell to clear 
the flange than in boilers constructed with flanged ends; so causing a loss 
of heating surface by the sacrifice of a row of flue-tubes. But, it may be 
argued, on the contrary, that the additional water-room at the bottom of 
the shell is of advantage for better circulation. 

Mr. Mudd has succeeded in forming the manhole of the boiler by 
flanging the solid plate. The flanged edge is faced, and enters a correspond- 
ing recess cut by an ovalling machine in the face of the cover, which is a 
flat plate of steel. The jointing material, as a complete oval ring, is lodged 
in the recess, and thus is held between two faced surfaces. 

The smoke-box of each boiler is of 3/i6-inch plates, and rises 2j4 feet 
deep in front of the boiler. The two boxes are united at the upper part, 
to join the funnel or chimney, which is of J^-inch plates at the bottom and 
3/,6-inch above. It is 6 feet in diameter, 5 1 feet high above the level of the 
fire-grates. 

The area of fire-grate is 36.6 square feet for each boiler; and the heat- 
ing surface is 1295 square feet for each boiler, or 35.4 times the grate-area. 
The heating surface is calculated for the outer surface of the flue-tubes 
between the plates; all the area of the back tube-plate, but none of the 
front tube-plate; the area of the combustion -chambers and the furnace 
crowns above the level of the axes or centre-lines of the furnace-tubes. 

The actual consumption of coal is from 10 tons to 1 1 }^ tons per day, 
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according to the quality of the fuel, when it is estimated that 650 indi- 




cator horse-power was exerted, equivalent to from 1.44 pounds to 1.65 
pounds per indicator horse-power per hour, and at the rate of 933 pounds 
per hour, or 12.75 pounds per square foot of fire-grate area. 

On her first voyage round the Mediterranean Sea the Coot was in 
company of a sister ship fitted with compound engines, belonging to the 
same owners, carrying rather less cargo, and making a voyage less by 
600 miles, at about equal speed. The Coot consumed 170 tons less coal 
than the other vessel, representing a saving of nearly 25 per cent. 

A pair of double-ended boilers is illustrated by Plate XVI. figs, 4-6, 



TRIPLE-EXPANSION MARINE ENGINES OF S.S. MARYLAND. 665 

showing the usual method of joining the circular and end plates by flang- 




ing the end-plate. The boilers are designed for a working pressure of 
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1 50 lbs. per square inch. The shell has 13 feet mean diameter, and is 16 feet 
7}i inches in length outside. The circular plates are in three rings, 1V16 
inches thick; the end-plates are ^/^ inch thick, flanged to fit within the 
circular plates ; the flue-tube plates are 's/x6 inch thick. The riveting of the 
shell is shown in Plate XVI. There are at each end three corrugated furnace- 
tubes, of ^-inch metal, 40 inches in diameter externally, 37 inches inter- 
nally, and about 6 feet 7 inches in length, opening into three combustion- 
chambers in the middle, 3^ feet long — two furnace-tubes to each chamber. 
Over each furnace-tube the draught returns to the smoke-box at each end 
of the boiler, through iron flue-tubes 3 J^ inches in diameter outside, 70 tubes 
over each middle furnace, and 73 over each side furnace, 6 feet 6*s/i6 inches 
long measured over the tube-plates. Of these, 21 tubes of each group are 
employed as stay-tubes, s/xd inch thick; the other tubes are No. 8 wire- 
gauge in thickness. 

The stay-nuts of the combustion-chamber, which are exposed to flame, 
are made j/^ inch deeper than usual to receive a disc of iron or of steel, 
^ inch thick, riveted into its place This is a cheap and effectual method 
of making capped nuts; and by that means the end of the stay-rod is 
protected from the action of the flame, and the whole of the thread is 
maintained in good condition. When the nut becomes burnt it can be 
unscrewed and replaced by a new nut 

The fire-grates are 5 feet long, in two lengths of fire-bars, the mean 
width, allowing for the corrugation, being 3 feet 2 inches. The area of 
fire-grate for six furnaces is 95 square feet, or 190 feet for twelve furnaces. 
The heating surface in each boiler is 2802 square feet, or 5604 feet in two 
boilers, or 29.5 times the grate-area. 

The normal water-level is 6 inches above the combustion-chamber. 

The factor of safety for the engine-work is 1 2 for the ends of the piston- 
rods below the threads, calculating with 20 lbs. per square inch as the 
initial load on the third piston. Most other parts have a somewhat higher 
factor than 12. The boilers are proportioned according to Lloyds* rules, 
and the safety-factor is 5, or a little more. 

ENGINES OF THE S.S. MARYLAND. 
(Cylinders 2$}i inches, 42 inches, and 68 inches in diameter; stroke 45 inches.) 

The Mar>'land is a steamer of 6425 tons displacement The engines, figs. 
966 and 967, resemble, in general style, those of the Coot, just noticed. They 
are vertical, fitted with ordinary link-motion reversing gear, and with the 
crank - shaft constructed of three similar pieces, interchangeable, bolted 
together. Each piece comprises a complete double-crank, with two journals 
— the whole shaft working in six bearings. The shaft is of steel, 13 inches 
in diameter, in bearings 18 inches long. The crank-pins are 13 inches in 
diameter, and give journals 16 inches long. 

The cylinders, three in number, are respectively 25 ?8 inches, 42 inches, 
and 6S inches in diameter, with a common stroke of 45 inches: in the 
capacity-ratios of i, 2.74, and 7.18. The first and third cylinders are 
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supported direct on cast-iron framing similar to that already described for 
the S.S. Coot, and the second cylinder is supported by a pair of wrought- 
iron columns. The first cylinder only is steam-jacketed on the case. The 
first and second cylinders are fitted with piston - valves, and the third 
cj-linder with a triple-ported slide-valve. 

By the aid of steam reversing-gear the engines may be reversed in five 
seconds, without shock. By steam turning-gear the engines may be turned 
a complete revolution in five minutes. 

The engines are supplied with steam of 150 lbs. pressure per square 
inch in the boiler, and they can be worked to indicate about iSoo horse- 
power. At sea they are capable of maintaining 1700 horse-power, going at 
the rate of 1 1 knots per hour. 



Chapter LXXXVI.— FORCED DRAUGHT IN MARINE 
BOILERS. 

COMPRESSED-AIR CHIMNEY BLAST. 

Artificial draught — a draught produced by mechanical means, in addi- 
tion to, or independent of, the natural draught in a chimney — has for many 
years been practised here and there, by means of an exhausting fan in or 
near the chimney, and also by means of one or more steam jets suitably 
placed in the chimney, acting by induction. 

In or about the year 1S7S,' a blast of compressed air in the chimney 
was made the subject of experiment by M. Berlin, He estimated from the 
results obtained that the quantity of steam consumed for compressing air 
to act as a blast in the chimneys of steam boilers, amounted to only 
one-tenth of the quantity required when discharged direct into the chimney. 
The air-compressor employed by him consisted of two air-cylinders 
24,4 inches in diameter, and a direct-action g-inch steam-cylinder, with a 
stroke of 15-)^ inches, making 65 double strokes per minute. The com- 
pressed-air blast was tried on one of the two boilers of the "' Resolue," 
having 43,2 square feet of grate area, 1216 square feet of heating surface, 
flue-tubes 2% feet long; volume of water, 445 cubic feet; volume of steam, 
222 cubic feet; section of ash-pits, S. 17 square feet; section of chimney, 
6.08 square feet; height of chimney above the level of tlie fire-grates, 
55J{ feet; load on safety-valves, three atmospheres. For the purpose of 
measuring the volume of air for supplying the boiler, the compartment 
containing the engines and boiler was completely closed to the atmosphere, 
except by one passage of 9.S0 square feet of area, through which the whole 
of the air for supplying the boiler was passed. As the experiment was 
confined to one of the two boilers of the Resolue. the chimney was divided 
vertically into halves; and the half which was used was subdivided into 
two quarters, to each of which was devoted one blast-nozzle, from 
compressed air was discharged upwards. With two nozzles, having respec- 
tively the sectional areas 4.6 and 11.6 square inches (30 and 75 square 
' Bulletin di la SaciUi i' EtlsuragtHunt, 3d Ecrics, toL it. fafie 529. 
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centimetres), equal duties in velocity and volume of blast were performed 
for equal expenditures of power. The following experimental deductions 
were made, when the engine was working to i8 horse-power: — 

Compressid'air Blast in the Chimney: Risolue. 

Section of nozzles lo 20 30 40 50 75 sq. centimetres, 

or 1.55 3.08 4.6 6.2 7.7 1 1.6 sq. inches. 

Velocity of air entering stokehold. ..26.6 27.2 27.9 28.5 29.5 29.5 feet per second. 

Pressure of compressed air 10.7 7.2 5.6 4.9 4.3 3.6 feet of water. 

Effective mean pressure of steam I ^ ^^ ^ ^, ^ ,, ^ ^^ ^ ^o ^ «- -rr«^r.k^«i-, 
in cylinder of blowing engine, } ^^7 3-71 3-" ^1^ ^A^ ^.^5 atmospheres. 

Revolutions per minute 51 65.5 78 89 98 108 turns. 

The velocities here noted comprise the element of velocity, 19.7 feet per 
second, due to the natural draught 

The fuel consumed and the power exerted, with nozzles of 4.6 square 
inches, were as follows: — 

Table No. 186. — Compressed-air Blast on the Rssolue: 

HoRSE-POWER Developed. 



Hone-power 

of the 

Blowing Engine. 


Horse-power 

of the Engine 

of the Rssolue. 


Coal Consumed 
Briquettes.. 


Coal per 
Indicator Horse- 


rated per 
Pound of CooL 


l.HP. 


I.H.P. 


pounds. 


pounds. 


pounds. 


0.00 ) 

Natural draught ) 
0.96 


57.5 

88.8 


213 

289 


3.72 
3.26 


10.77 
8.82 


2.00 


100.5 


315 


3.12 


8.00 


3.00 
4.20 


1 06. 1 
1 18.8 


321 
348 


304 
2.93 


7.82 
7.82 


5.00 


1 19.8 


374 


312 


7.53 


6.00 


127.9 


400 


312 


7.00 


7-40 


1357 


420 


3- 10 


7.03 



From this table it appears that the fuel consumed and the power 
developed by the main engine were doubled by the emploj-ment of the 
compressed-air blast, the power required for which did not exceed 5 per 
cent of the power of the engine ; but that the e\-aporative etnciency, or the 
water evaporated per pound of coal, was considerably reduced. 

The rates of combustion and of evaporation were also increased by 
completely inclosing the stokehold, and blowing air into it with a powerful 
fan. so as to maintain a pressure or plenum of from 4 to 5 inches of water. 

FORCED DRAUGHT WITH INXLOSED STOKEHOLDS. 

Forced draught with inclosed stokeholds is in common use in the navy. 
A horizontal ceiling is erected about 10 feet or 12 feet above the floor- 
plates, extending from the coal -bunker bulkheads to the fronts of the 
boilers ; from this ceiling vertical screen-plates are extended down bet^veen 
and at the ends of the boilers to meet tb'' ' '•bearers of the boilers, and 
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worked around the fronts of the boilers, to inclose the smoke-boxes so as 
to keep the stokeholds cool. The first ships in the navy to which this 
system was applied were the Conqueror and the Satellite. In the former 
8 indicator horse-power per square foot of lire-grate, by natural draught, 
was augmented to 16.46 horse-power by forced draught; and in the latter 
the horse-power was increased from 10.15 to 16.9 horse-jMwer, with an 
air pressure in the stokehold of from 1 J^ inches to 2 inches of water. Mr. 
Richard Sennett gives the comparative results of more recent trials, sum- 
marized in the following table;' — 
Table No. 187. — Open Stokeholds versus Forced Draught (Mr. Sennett). 



Open stokeholds. 

Inflexible 

Colossus 

Phaeton 



Forced draught. 



Rodney.. 
Mersey ... 

Scout 



8,484 
7.49a 



11,725 
9.S44 
6,628 
3.370 



174 



'9-3 



iS-54 
16.83 
t6.6i 



Note to Table. — The gi»cn sveighl of boilers includes weight of water, funnel, upt»ke». 
fittings, spare gear, &c. 

Comparing averages, it appears that with open stokeholds and natural 
draught versus closed stokeholds and forced draughts, the indicator power 
is increased from 10.69 to 16.31 per square foot of fire-grate, or 52"^ per 
cent; and from 1 1.98 to 1990, or 65 per cent, per ton of boiler. 

Examples of closed stokeholds are given in Plate XVIII, and fig. 979, 
page 690. 

The system of forced draught opens the way for increase of efliciency, 
in facilitating the adoption of grates of diminished area in combination 
with acceleration of combustion. The reasons for such a conclusion have 
already been amply discussed in volume i. 

FORCED DRAUGHT WITH CLOSED ASH-PITS, 

Forced draught in connection with closed ash-pits has been applied 
with good results by Mr. J. R. Fothergill, West Hartlepool, to the boilers 
of fifteen cargo steamers of from 1000 tons to 4500 tons, in the Mediter- 
ranean and Indian trades; five of which, having compound engines, and 
ten having triple-expansion engines, are fitted with his system of forced 
draught. The system is shown in figs. 968.' A casing connected with a 

' Sec Mr. Sennetl's paper on " Closed SlokehoTds," read before the ImtituticH ef Naval Arthi- 

s paper on " Forced Driuehls," in the Tramactiotis of Iht ImtitiiUvH k/ 
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forcing fan extends across the front of the boiler. The air forced into this 
casing passes into the ash-pits through gridiron valves in the back plate 
of the casing, just under the line of fire-bais. These valves are actuated 




Fill. 96B.— Fothcrg[U'i Forced 



by the latches of the furnace-doors. When the latch is pulled or knocked 
back against the stop, the lever on the latch spindle causes the valve to 
close; so shutting off the supply of air to the furnace before the door is 
opened, and preventing the hot gases and flames from being forced out- 
wards when the door is opened ''he door is shut, and the latch is 
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pulled over to fasten it, the valve Js at tlie same time opened. The 
is of the ordinary type, A branch air-conduit is carried round to the back 
of the boiler, where it joins a casing from which a supply of air is passed 
tlirough a stay-tube into a cast-iron perforated box fixed on the back wall 
of the combustion-chamber, facing each furnace. The supply of air to this 
box, which is regulated by means of a special vaSve, is delivered in streams 
to meet and mingle with the combustible gases from the grate; and that the 
mingling action may be the more effectual, a diaphragm or screen, cut out 
of scrap ship plates, is fixed like an inverted bridge at the end of each 
furnace-tube, beyond the ordinary bridge, by which the combustible current 
is deflected towards the air box at the back. The diaphragms last from six 
weeks to two months. The air leaves the fan at a pressure of from 3 inches 
to 3j^ inches water-gauge. The principal supply of air passes to the ash- 
pits, where the pressure is from .50 inch to .70 inch water-gauge. 

An important and, it may be said, an essential feature of the furnace 
is the comparative shortness of the fire-grates, which have been reduced 
by from 30 per cent to 50 per cent on the original lengths as adapted for 
natural draught Correspondingly, the rate of consumption of fuel per 
square foot of grate has been augmented to from 20 pounds to 25 pounds 
per hour: — leading to augmented evaporative efficiency in accordance with 
the principles of radiation and absorption of heat, already fully investigated 
in vol, i. page 310, &c. 

Table No. 1 88 gives particulars of the alterations of fire-grate made on 

the Marmora, Dania. and Etna, adapted for forced draught — the Marmora 

using inferior coal, the Dania using good coal, and the Etna being designed 

for high speed. 

Table No. 188. — Particulars of Steamers fitted for Forced Draught 

(J. R. Fothergill). 



V steamers above named are given in table No. 189. The speeds have 



door ^H 



SnAHSus. 


DnughL 


FiK- 

ban; 
Fotcnl 
Dnughi 


RediK- Gnue- 
Fire-bui. DnughL 
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Gnw- 

Druicht 


51 

inGnlB- 
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as 
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Mamiora... 


4 3 




I 3 SS-4i« 


37-00 


S9.4I 


15-53 


ai.41 


!.oS 


2,00 


Dania 


So^ 


«g 


' 3¥,S1-I5;8 


J8.18S 


4545 


>7-77i»S-36 


3.1a 


'■7,1 


Etna 


5 oJ4 


2 6 


' ^•A\S'-9S7 


16.1$ 


50.41 


12.94la5.10 


1.60 


1-35 
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taken over the whole period. The forced-draught voyages of the Dania, 
section (2) of the table, were made during the winter months, and the loss 
of speed was due to this cause. In section (3) of the table, the voyages 
are taken during the same months — September to February — for both 
draughts; and it is shown that, whilst the speeds are practically the same, 
there is a saving of 1.97 tons of coal, or 20 per cent per day steaming, and 
13 per cent of the consumption for all purposes per day steaming. On the 
Etna, section (4), the economy of fuel effected by tripling the engines was 
28 per cent, compared with the previous work of compound engines. By 
section (5) it is shown that in working triple-compound engines there was 
a gain of ^^^ knot in speed, and a saving of 4.3 per cent of the total con- 
sumption of coal. The Marmora started from the Tees on her first voyage 
with forced draught on October 3, 1884. 

Table No. 189. — Forced Draught versus Natural Draught 

(J. R. Fothergill). 



Conditions. 



(i) S.S. Marmora: 

Natural draught, 1 2 voyages 

Forced do. 11 „ 

Differences 

(2) S.S. Dania: 

Natural draught, 1 3 voyages 

Forced do. 8 „ 

Differences 

(3) S.S. Dania (second comparison): 

Natural draught, 4 voyages 

Forced do. 4 „ 

Differences 

(4) S.S. Etna: 

Natural draught, i o voyages 

Do. tripled, 3 „ 

Differences 

(5) S.S. Etna (second comparison): 
Natural draught tripled, 3 voyages 
Forced do. 6 voyages 

Differences 



Da^t 
Steaming. 



days. 
16.81 
16.69 



27.72 
2332 



ATcraso 

Speed m 

Knots per 

Hour. 



knots. 

7.74 

7.48 

-.26 



16.31 

15.89 


7.91 

7.44 
-.47 


17.00 
16.21 


7.50 

7.58 

4- .08 


21.95 

27.72 


7.83 

7.58 

-.25 



7.58 
8.38 

4-. 80 



Coosmnprion 



per Day 
Steaming. 



tons. 

8.72 

8.49 

•23 



9.84 
7.66 
2.18 



9-73 
7.76 

1.97 



10.57 
7.36 
3.21 



7.36 
7.06 

.30 



Consumpcioa 

for all 

Purposes 

per Day 

Steaming. 



tons. 
10.52 

9.79 
•73 



10.96 
9.37 

1-59 



10.70 

9.31 
1.39 



11.58 

8.33 
3.25 



8.33 

7.97 

.36 



The Falka is a new steamer, engined for triple expansion, brought out 
(1890) by Mr. Fothergill. Length between perpendiculars, 260 feet; beam, 
extreme, 36^ feet; moulded depth, 19 feet 5 inches; dead-weight capacity, 
2480 tons; mean draught, 18 feet I inch; block coefficient, .75. The 
cylinders are 19 inches, 30^ inches, and 51 inches in diameter, with a 
Stroke of 3 feet; in the capacity-ratios of i, 2.58, and 7.22. The working 
pressure is 160 lbs. per square inch; making 553 indicator horse-power, at 
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64. revolutions per minute. The average rate of consumption of best 
Newcastle coals is S tons per day steaming, or 1.3S pounds per horse-power 
per hour, or 22 pounds per square foot of fire-grate per hour. The damper 
in the funnel is two-thirds closed; the pressure in the ash-pit is J^ inch by 
water-gauge; and the temperature in the funnel, at about 25 feet above the 
uppermost row of tubes, is from 600° to 700" F, 

These results of the performance of the Falka represent Mr, Fothergill's 
average practice. The usual practice on the north-east coast, under natural 
draught, is to design the fire-grate area for burning from 14 to 15 pounds 
of fuel per square foot per hour. Mr, Folhergill increases the rate by 
50 per cent, with a water-gauge of from % to ^4^ inch in the ash-pit, which 
he does not intend to exceed; his object being to efi'ect economy of fuel, 
not to increase the quantity of water evaporated per hour. The average 
air-supply is at the rate of 1 8 pounds of air per pound of coal. It is main- 
tained that with the exercise of care and intelligence on the part of the 
stoker, no smoke is visible in burning fairly good Newcastle coal. But 
the modern fireman prefers to fill the furnace by a barrow load at a time, 
and to rest himself for 20 minutes before stoking again. In the face of 
such resistance, Mr. Fothei^ill has designed a system for using petroleum 
as an auxiliary fuel. This oil, passed from a close reservoir in an elevated 
position through a coil in the funnel, is gasified by the heat of the burnt 
gases, and under its own pressure is carried into the com bust ion -chamber, 
with air under pressure, through the tubes in the back of the boiler. By 
the intense heat of combustion of the petroleum, as the vapour mixes with 
the early combustible gases discharged immediately after a charge of coal, 
and thrown downwards by the deflector, the general temperature is raised 
and combustion is, it is designed, completed in the combustion -chamber, 

FORCED DRAUGHT BV COMPRESSED AIR INTO THE ASH-PIT.' 
A small steam launch was constructed in 1887 at the Mare Island 
Navy Yard, for service in Alaskan waters. The engine is compound, 
having cylinders 4 inches and 7 inches in diameter, with a stroke of 
6 inches. The boiler is of the "" low cylindrical" or direct horizontal tubular 
type, having 2.30 square feet of grate-area. To furnish the necessary 
draught, a system of forced draught was designed by Mr. Klotz. according 
to which a small air- com pressor having a 4-inch cylinder — of the same 
diameter as the first cylinder of the engine — having a composition valve- 
seat screwed on to each end, with a hard india-rubber valve; the piston 
being driven from the first crosshead. The compressed air was conducted 
in an iron pipe to the front of the ash-pan of the boiler, where it was 
delivered through a rectangular slot in the pipe into an elongated nozzle 
forming part of the ash-pan door; the pressure being regulated by means 
of a wedge valve, by which the degree of opening of the slot could be 
varied. By the results of several trials it was shown that with a pressure 

' See a. pnpet on ihe subjecl by Mr. G. F. Kuli in xhv/ourH.il oftht Amirh-aa Sxiily of Naval 
Engimai, 1SS91 page 330. 

Vol. II, "^ 
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of air of from I ^ lbs. to 2 lbs. per square inch, the consumption of good 
bituminous coal was about 30 lbs. per square foot of fire-grate per hour. 

The draught on this system is largely an induced draught In the 
present case the quantity of compressed air delivered was not more than 
'ID per cent of the air chemically required for complete combustion ; the 
remaining 90 per cent having been supplied by induction. 

The system was tried on the steam launch of the Iroquois, 28 feet 
2}i inches long. The boiler was like that already noticed. The shell was 
41 inches in diameter, 36^ inches long; the furnace-tube was 23^ inches 
in diameter, with a fire-grate 17 inches long. There were 161 fiue-tubes» 
i}i inches in diameter outside, 18 inches long. The grate-area was 
2.78 square feet, and there was 90 square feet of heating surface. The 
smoke-pipe was 8 inches in diameter, 6 feet high above the level of the 
grate. The compressing cylinder, 4)^ inches in diameter, with 6 inches 
of stroke, was driven from the crosshead of the first cylinder. The opening 
for admission of air to the ash-pit was i^ inches by 11 inches wide. The 
results of comparative trials with the natural draught and induced draught, 
using anthracite, were as follows : — 

Natunl Induced 
DraughL Draughi. 

Duration of trial, hours 2 2 

Steam pressure in the boiler, pounds per sq. inch .... 50 60 

Vacuum in condenser, inches 24 24 

Revolutions of engine per minute 165. i 288.5 

Temperature of feed-water 78® 93** 

Temperature of water overboard 64® 67* 

Coal consumed per hour, pounds 15 35 

Water evaporated per hour 88.8 275.5 

It is stated that, with natural draught, the speed was barely three knots 
per hour; whilst with the air-blast six knots were made easily. 

It is stated that the induced draught system has been applied to the 
Cunard steamship Servia, as patented by Mr. Anderson, of Glasgow. He 
does not employ ash-pit doors. The jet and induction nozzles have the 
form of hollow truncated cones, and are on the pipe which conveys the 
compressed air. The greater part of the induced current enters the hollow 
cones. On the Servia the air compressors are driven by special compound 
engines, with an accumulator. 

INDUCED DRAUGHT BY AN EXHAUSTING FAN. 

Mr. VV. A. Martin has for some years experimentally investigated the 
application of induced draught to marine boilers. He places a pair of 
exhausting fans, fig. 969, in the base of the funnel, one at each side of the 
uptake, mounted on a horizontal shaft which traverses the uptake, and is 
encased. The shaft is not continuous, but is made with two hollow 
couplings next the bearings, by means of which continuity of temperature 
is broken. The bearings work coolly. Either natural draught or induced 
draught can be employed, by setting open or closed a damper which is 
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fitted in the uptake. When the damper is closed, the burnt gases arc 




Fig. 969.— lodiind Dnughl by an Ei 



DnUiury draught ct: 



seized and discharged by the fans into the funnel. The fans are driven by- 
means of internal friction gear, and appear to work satisfactorily. 

The experimental boiler, fig. 970, is cylindrical ; 5 % feet in diameter, 
6 feet long, having one fur- 



nace tube 2^ feet in diameter, 
and 44 flue-tubes, 2^ inches 
in diameter, 4^ feet long. 
The fire-grate has 6.75 square 
feet of area. The total heat- 
ing surface is 152 square feet, 
or 23 times the grate-area. 

Comparative results of per- 
formance of this boiler, by 
natural draught and forced 
draught, are given in the 
second and third columns of 
table No. 190. It appears 
that, with induced draught, 
nearly three times as much 
water was evaporated per 
hour as by natural draught, 

whilst the rate of evaporation *^° ' '"* 

per pound of coal was only about 6 per cent less: forming a very favour- 
able contrast. Mr. Martin believes that the combustion is better with 
. induced draught, and that for this object the relatively larger quantity and 
I excess of air supplied per pound of coal by induced draught is on the 
I whole ---■ — - 







whole beneficial. The last column of the table gives results of a trial of 
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Mr. Martin's system on a boiler taken out of the Polyphemus, at Ports- 
mouth dockyard. 

Table No. 190. — Induced Draught (Martin's System) versus 

Natural Draught. 



Conditions. 4 

Date of trial 

Duration of trial 

Coal consumed (Nixon's navi- I 

gation) j 

Do. do. per hour 

Do. do. do. per square ) 

foot of grate ) 

Ash, per cent of coal consumed 

Pressure of steam 

Speed of fan, in turns per minute 

Vacuum in smoke-box 

Air supplied per pound of coal... 

Temperature of feed- water 

Water evaporated 

Do. do. per hour 

Do. do. do. per sq. I 

foot of grate j 

Do. do. do. do. \ 

foot of heating surface J 

Do. do. per pound of coal 



Natural Draughts. 



Aug. 24, 1889. 
4 hours. 

367 lbs. 
92 „ 

75 Ihs. 



214 cu. ft 
70° F. 

3208 lbs. 
802 „ 

136 ,, 

5.27,, 
8.93 » 



Induced Draught. 



Nov. 27, 1889. 
4 hours. 

1080 lbs. 

270 » 

39-5 »> 

2.8 per cent 

75 Ihs. 
1537 turns. 

343 cu. ft 

53^ F. 
9061 lbs. 
2265 „ 



39-5 



i> 



14-9 » 
8.4 „ 



Induced Dranght 

(BoOer tx PbTj- 

phemus). 



April 10, 1890. 
802 

40.5 lbs. 

75 Ihs. 
i^ ins. of water, 

50^ F. 
7902.5 lbs. 

399 Ihs. 



» 



8.9 
9.84 „ 



Chapter LXXXVIL— DUPLICATE TRIPLE-COMPOUND OR 
TRIPLE-EXPANSION TWIN-SCREW MARINE ENGINES. 

DESIGNED AND CONSTRUCTED BY MESSRS. JAMES & GEORGE THOMSON, 
CLYDEBANK, GLASGOW, FOR THE STEAM-SHIP CITY OF PARIS. 

(Cylinders 45 inches, 71 inches, and 113 inches in diameter; stroke 5 feet) 

The City of Paris, the latest of the ships of the Inman and International 
Steamship Company, is 565 feet long over all, 635^ feet broad, 42 feet 
deep, moulded; and of 10,500 gross tons. The ship, as well as her engines 
and boilers, was built by Messrs. J. & G. Thomson. She is propelled by 
two triple-expansion or triple-compound steam engines, of the inverted 
vertical type, designed by Mr. J. Parker, driving twin screws, one by each 
engine independently of each other. The adoption of twin screws was 
considered advisable, having regard to the enormous power requisite — 
20,000 indicator horse-power — and to ensure the safety of the ship by the 
duplication of parts. The two engines are placed side by side, separated 
by a longitudinal bulkhead; means of communication between the two 
rooms being provided by a water-tight door in the bulkhead. 

Many of the features which are common to the engines of war-ships 
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have been introduced into the design of these engines, partly in order to 
minimize weight, and partly in consideration of the high speed adopted. 
The engines are built upon a very solid substratum in the ship, with, in 
addition, a cast-steel bed-plate — in three pieces, weighing about i6 tons 
each. The columns are of steel, and of the " split" type. The condensers, 
whicii usually form part of the main-engine structure, are made, as in war- 
ships, of brass, and are independent 

The cylinders are 45 inches, 71 inches, and 113 inches in diameter— 
or as I, 2.49, and 6.3 1 in capacity — with a common stroke of 5 feet. The 
pressure in the boiler is 150 lbs. per square inch. The twin screws are 
22 feet in diameter, with a pitch of 28 feet. The normal speed of the 
engines is 80 rcvoiutions, or 800 feet of piston, per minute; and if tlie 
screws worked without slip, the speed of the vessel would equal 22 knots 
per hour. In one of her fastest homeward voyages, the City of Paris 
steamed the distance of 2894 knots from Sandy Hook to Roche's Point 
in 6 days 30 minutes, making an average speed of 20 knots per hour. 

The cylinders and their covers are of cast iron, and are steam -jacketed. 
The pistons are of cast steel, of the dished or conical form. The piston- 
rods, connecting-rods, and other principal moving parts, are of ingot steel. 
The piston-rods are formed with tail rods, and they are fastened to the 
pistons with flange connections. 

The crank-shafts, with the thrust, tunnel, and propeller shafting, are of 
Vickers' forced steel. The crank-shaft is built ; the journals are zoj^ inches 
in diameter; the pins are 2! inches; the tunnel shafting is \()% inches, 
and the propeller shafting is 20% inches. The crank-shaft is hollow, 
3J4 inches in diameter internally. The pin also is hollow. S inches in 
diameter internally. The screw shafting is solid except the length outside 
the ship forward of the short piece of propeller shaft, which is 21 inches 
in diameter and 8 inches internally. 

The valves are piston-valves, of which there is one for the first cylinder 
of each engine, two for the second, and four for the third cylinder: four 
valves being required for the large port-area in the third cylinder, and to 
obviate the strains due to the great overhang which would be caused by 
the employment of two valves only, The valves are worked by means of 
the ordinary expansion link-motion, and Brown's hydraulic reversing gear. 
The eccentric straps are of cast steel, lined with white metal. The equili- 
brium valve by which the supply of steam is controlled can be connected 
to the Dunlop governor, which will be described. 

The steam-jackets of the cylinders are trapped to collect the conden- 
sation-water from them. The drain-pipes discharge into one main pipe 
which delivers the water into the condensers. 

The surface-condensers are cylindrical, and are laid horizontally. The 
air-pumps are the only auxiliaries that are driven by the main engines. 
There are two air-pumps for each engine, 36 inches in diameter with a 
stroke of 25 inches, single-acting, placed vertical, and driven by back-levers 
from the piston-rod crossheads of the flrst and third cylinders. 
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The steam boilers are of steel, cylindrical, double-ended, nine in number, 
placed in three water-tight compartments, three in each compartment; 
15/^ feet in diameter, 19 feet long. The shell-plates are 19/3. inches thick. 
There are six furnaces in each boiler, of corrugated plate; of which the 
mean diameter is 3 feet 1 1 inches. The flue-tubes are 2^ inches in dia- 
meter, 7^ feet in length; 1056 in number in each boiler. The total 
heating surface is 50,040 square feet The furnaces at each end have a 
conibustion-chamber in the middle common to both ends. The weight of 
each boiler, empty, is 74 tons. The boilers are worked on the closed- 
stokehold system of forced draught At each side of the upper deck there 
are erected six large rectangular plate-iron hatchways, fitted with shield 
lids on the tops, raised or lowered by means of screw gear. These twelve 
shafts reach down to the fire-rooms, and at the bottom of each a 5 j^-feet 
fan is at work; the twelve fans being driven by twelve diflferent steam 
engines. Driven at a speed of 500 turns per minute, these fans draw down 
and deliver air into the stokeholds, under J^-inch water-gauge pressure. 

The gross weight of the boilers and engines, including the water in the 
boilers and condensers, is 2600 tons. 

As a maximum performance, when the engines made 89 revolutions, 
or 870 feet of piston per minute, 20,600 indicator horse-power was exerted, 
with a consumption of 1.67 pounds of coal per indicator horse-power per 
hour. 

AUXILIARY MACHINERY. 

The hydraulic installation of the City of Paris is stated to be the most 
extensive that has been fitted on shipboard. It is served by two pumping 
engines in the engine-room — compound surface-condensing — constructed 
by Messrs. Brown & Co. They work seven hoists, nine derricks, two 
warping ends, and two warping capstans aft on the promenade deck. 
The turning engines also are worked by hydraulic power: the ram actu- 
ating a pawl on the worm-shaft, the worm gearing into a worm-wheel on 
the engine-shaft 

The boilers are fed by four Worthington vertical pumps, two in each 
engine-room, associated with Gilmour*s feed-heaters. Each pump has two 
12-inch steam cylinders and 28^-inch double-acting water-plungers, with 
a stroke of 10 inches. One of the pumps in each room supplies the feed- 
heater with water at the temperature of the hot-well. In the feed-heater 
the temperature is raised by the use of steam from the boiler to nearly the 
temperature in the boiler; and by the second pump the heated feed-water 
is delivered, at a slightly increased pressure, to the boilers. On this system 
of highly-heated feed-water, all impurities are deposited in the feed-heater, 
from which they are blown off from time to time. The heater is easily 
cleaned. Thus also is obviated any strain that might otherwise arise from 
irregular cooling of the plates of the boiler. The heater can be put out of 
action at any time, with only one pump in action ; and as each pump has 
capacity sufficient for supplying all the feed required, the other pump may 
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be regarded as an alternative in case of a breakdown. The first pump. 
which delivers from the hot-wel! into the feed-heater, is controlled by a 
float in the tank ; so that it is impossible that tliere can be either an over- 
flow or an insufficient quantity in the hot-well. 

There are two fire and bilge pumps in each engine-room for general 
purposes, They are available as feed-pumps if required; and they arc 
connected to the double-bottom system of piping. 

Circulating water is supplied to the main condensers by means of four 
15-inch centrifugal pumps; two for each engine. Each pump is capable 
of supplying all the condensing water required. 

An auxiliary condenser and pump is placed in the engine-room, for 
condensing the exhaust steam from the auxiliary engines. 

A rudder of large area is provided, worked by hydraulic power, by 
means of which alone, when both engines are going at full speed, a com- 
plete circle can be turned in five minutes. 



Chapter LXXXVIII. 

PAIR OF VERTICAL TRIPLE-EXPANSION MARINE STEAM ENGINES 

FOR H.M.S. RENOWN, SANSPAREIL, AND TRAFALGAR. 

DESIGNED AND CONSTHUCTED B¥ MESSRS. HUMPHREYS, 

TENNANT, & CO., LONDON. 

PLATES XVII. AND XVIII. 

(Cyiinders 43 inches, 62 inches, and 96 inches in diameter; 4)( feet stroke.) 

The ships above named are ironclads, propelled each by two four-blade 
screws, i6j4 feet in diameter, with two engines each of 6000 indicator 
horse-power, together 12,000 horse-power. The engines, Plate XVII. and 
figs, 971 to 973, have been designed to develop great indicator power 
on a light weight. Steam is supplied from eight boilers under forced 
draught The three cylinders of each engine arc overhead, and work 
vertically to the crank-shaft below, which is fastened to the screw-shaft. 
The cylinders with their valve-chests are ranged in line, fore and aft; and 
each crank works in two bearings, making together six bearings. The 
first, second, and third cylinders are respectively 43 inches, 62 inches, and 
96 inches in diameter, with a common stroke of 4% feet Their areas arc 
as I, 2,09, and 4.99. The axes of the first and second cylinders are 
12 J< feet apart, and those of the second and third cylinders are 11 feet 
apart; making together a distance of 23*^ feet between the axes of the 
first and third cylinders. The tops of the cylinders are about 18 feet 
4 inches above the level of the seatings for the sole plate of the engines. 

The working pressure is 135 lbs. per square inch above the atmosphere. 
When 12,000 indicator horse-power is developed, the engines make 95 
turns, or S08 feet of piston per minute. 

The framing consists of vertical cast-iron columns in front, vertical 
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6j^-inch wrought-iron columns on the wing side, and cast-steel bearing- 
frames or base-plates for the crank-shaft These bearing-frames are formed 
with lateral flanges, by which they are bolted to the vertical cast-iron 
frames and to the wrought-iron columns. They are secured to the frames 
running fore and aft and 
athwart ship , built up of 
steel plates and angle- 
irons, and forming part of 
the structure of the ship. 
By this arrangement the 
whole of the framing be- 
comes self-contained and 
rigid. 

The cylinders are sup- 
ported by and bolted to 
the vertical framing; and 
close under the attach- 
ments of the cylinders the 
vertical cast-iron columns 
are rigidly connected to- 
gether bycastings running 
fore and aft, which are 
utilized for carrying the 
brackets for the reversing 
shaft, and for securing the 
sector block-guides. At 
the wing sides the cylin- 
ders are bound together 
by a 45^ -inch ivrought- 
iron bar, passed through 
brackets cast on the 
cylinders, and fastened 
to them with nuts. It 
ser\*es also as a stay 
between the cylinders 
when the ship is used 
for ramming. 

All the steam cylinders 
are of cast iron. They are 
thoroughly steam-jacket- ^'^- *" ■ 
cd, with the exception of 
the upper first and secord covers. 
Whitworth fluid-pressed steel, flai 
with countersunk screws; securecl 
an clastic metal ring, shown fol 
the liner and the to the ■ 
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inequality of expansion and contraction of the liners and the jackets. In 
the second and third cylinders the liner is jointed at the top with a 
stuffing-box. To correspond somewhat with the pressures and tempera- 
ture of the steam in the cylinders, the pressure of the steam in the jacket 
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cylinders is 135 lbs. 
per square inch, the 
working pressure in 
the boiler; and in the 
third cylinder it is 50 
lbs. per square inch. 

The hncrs of the 
first, second, and third 
cylinders are respec- 
tively 1 j^ inches, 1 J^ 
inches, and i }4 inches 
thick. The jackets are 
I finches, 15^ inches, 
and 2)4 inches thick. 

The first and second 
cylinder-covers are of 
cast steel. The third 
cover is of ijj-inch 
cast iron. A doorw'ay 
of ample size is formed 
in each cover for in- 
spection: obviating the 
need for removing the 
whole cover. 

The usual starting 
valves are fitted, one 
to each cylinder, with 
hand - gear to the 
double-seated equili- 
brium-valve for ad- 
mitting steam to the 
first cylinder. The 
main steam pipe is 
of copper. 

The ordinary 

l4ouble-ported slide-valve and link-motion are applied to each cylinder. 
I Tlie valves are of cast iron, working on cast-iron faces, cast separately 
the cylinders, and secured in place by brass countersunk screws. The 
1 the back of the valve, in the first and the second cylinders, is 
•d by a cast-iron ring, which has a bearing on the back of the valve. 
ng is connected to the cover of the valve-chest by an elastic copper 
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ring, of a folded section, one edge beii^ jointed to the ring and the other 
edge to the cover. It is kept in its place by spini spnags. This 5}'steni 
of relief has been extensively practised by the constmctoi^ and it wcMics 




VLTV well. Tilt; weight of the slide is balanced by the steam pressure on 
a pist'iri in a small balance-cylinder c •« top of the valve-chest, thus 
rdievin;,' tin.- lmk-f,'ear of the weight r>' 

A condenser, figs. 973 and 9 » " e, of fi|-inch cast 

guii-iiietal plates, bolted togc iUnber, 8 feet 

y inches wide, 5 feet 5 inchi feet 7 inches 



^^^^^^^^MPHREYS' TRIPLE-EXPANSION MARINE ENGINES. 683^^^^H 

high, outside dimensions. The four walls are each of one plate, flange- H 
jointed, and joggled to its neighbours. Tlie walls, also the top and bottom ^^ 
of the chambers, are stayed by i J^-inch ..i:==^ ^| 
tie-rods, transverselyand vertically, with ^■'■^^ \ ^^k 
double-nuts at each end, pitched at i8 ^.^^ F ^^k 


inches to i6 inches vertically. It con- 
tains 476S condensing tubes of solid- 
drawn brass, J^inch in diameter outside, 
.05 inch or ■;» inch in thickness, placed 
vertically, secured to the tube-platcs 
with tape-packing and screwed glands. 
The tubes present a cooling surface of 
7000 square feet. The steam is con- 
densed within the tubes, the condensing 
water is circulated outside the tubes, 
and the water is directed with the aid 
of circulating plates. The water is 
driven through the tube-case by two 










^1 

F1 










— j 


-J- 


= 


1 
























J 


centrifugal pumps in each engine-room, rig m.-H^phr.y.. Tcnnan., & o,.-. vmiai ^k 
driven by separate single steam engines. ""•"= ^■"^'■'='- h™-""! s«:.io= of tondmicr ^H 
Either pump can be used independently "" ' ' ^^k 
of the other. They draw from the sea and the bilge, and they can dis- ^H 
charge either through the tube-case or directly overboard. The pump- ^| 
fans are 3 feet 10 inches in diameter; the suction and discharge pipes ^| 
18 inches. The steam -cylinders are 13 inches in diameter, with a stroke ■ 
of 12 inches. 

The steam from the tliird cylinder of the main engine is discharged 
into an ante-chamber, made of gun-metal plates, on the lop of the con- 
denser. 2 feet high, from which it passes into the condensing tubes. The ^k 
condensed steam falls into a lower chamber, 21 inches high, of gun-metal ^| 
plates, on which the condenser is supported. Thence the water passes into ^1 
the bottom of the air-pump. 

The air-pump is of brass, I inch thick, single-acting, 20 inches in dia- 
meter, vertical, the bucket of which is worked directly by a rod from the 
third piston, and therefore having the stroke of the engine, 4)^ feet. The J 
bucket-valves, foot-valves, and discharge -valves are of india-rubber on ^| 
grated seats. The water is discharged from the pump into a tank in the 1 
engine-room, from which the feed-water for the boilers is drawn by the 
feed-engines. 

The air-pump is fastened by means of a wrought-iron plate to the 
frame columns and to the condenser. It is also stayed to the third cylinder 
by two stays, one at each side. 

The first piston is of cast iron, 8 inches thick, hollow, of l J^-inch metal ; 
formed slightly conical for stiffness. The second and third pistons are of j 
H cast steel, each a single web, a flat segment of a sphere, or conical in 1 

L m 
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section, 3 inches thick near the centre, tapered to i)4 inches at the rim. 
The rim of each of these pistons is 8 inches wide. Each piston is fitted 
with a junk-ring^ and metallic packing of the ordinary type, pressed out- 
wards by steel springs. 

The piston-rods are of steel, all of one diameter, 8}i inches. They are 
each let into and through the piston with a taper, and secured by a nuL 
The crosshead is forged solid on the rod, to which the pin is fastened with 
a cap and two bolts. The guide is bolted to the vertical cast-iron columns 
on one side. The guide-plate is of wrought iron shrunk on the head of 
the piston-rod, and secured with collar-screws. 

The connecting-rods are of wrought steel, 8j^ feet in length, or 
3.88 times the length of the cranks. The upper end of each rod is forked 
to take the gudgeon, which is of steel, Sj4 inches in diameter, and 14 inches 
long in the fork. The fork -ends are forged solid on the rod, and are 
formed to grip the gudgeon, being each clamped on it by a 3-inch bolt 
and nuts. The gudgeon is thus rigidly held, and is easily removable. 
The lower end is of the cap-and-bolts construction. It gives a bearing 
16^4 inches in diameter, 18 inches long. The brasses are lined with soft 
metal. They are circular, i Jb inches thick, and are secured by screws to 
the ends of the connecting-rod and its cap, to prevent its closing or grip- 
ping on the crank-pin. The cap-bolts are 4}^ inches in diameter. The 
body of the rod is 7J^ inches in diameter at the larger end, and is tapered 
to 6 inches at the smaller end. The piston-rod, it may be noted, is larger 
than the connecting-rod, as it is made large enough to provide the required 
strength for the screw end. 

The crank-shaft for each engine is made of Whitworth steel, in three 
sections, interchangeable, connected by couplings forged on. each with six 
coupling-bolts and nuts. Each shaft is 16 inches in diameter. It is hollow, 
8 inches in diameter inside. The pins are 16 j^ inches in diameter, 18 inches 
long; hollow, 8 inches in diameter inside. The limbs of the cranks are 
12 inches thick by 18 inches wide. Each crank is carried in two bearings, 
each 20 inches long, of brass, lined with soft metal. The lower part of 
each brass is circular, and so may be removed without lifting the shaft. 
There are no collars on the journals, and the fore-and-aft position of the 
crank-shaft is maintained by the thrust-blocks. The cranks are placed at 
angles of 120 with each other, equally placed round the circle. By such 
adjustment the cranks and the reciprocating parts are well in balance, and 
an equable stress is communicated through the shafting to the screw. 
The lubrication of each crank-pin is provided by means of a centrifugal 
lubricator fixed on one side of a crank-arm. The oil is dropped into the 
part of this lubricator nearest to the centre of the shaft, and is driven by 
centrifugal force into a hole in the crank-pin. from which it passes by two 
holes drilled in the crank-pin on ' bearing. 

Each link-motion for the v », two cast-iron eccentrics, having 

1 0-inch throw, with wrou"^*' " feet long between 

centres, fitted with bn t tl The link is a 
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DiamFlcrofi^ch Boiler, i; H. i in. 

LcnglTi, 9n. 6in. 

Four Cumigalcd Furnace Tube\ 3 [). t in. 

in dbmctcr iniidc, « ft. 6)j in. Ions. 
490 FluMubn. iJt in. in diiun,, 6 fL i in. 



TUDINAL SECTION OF BOILER. 
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plain curved bar of steel, 5 inches square in section, 4 feet 4 inches long 
between the centres; having bearings of brass, all adjustable. The Unk 
of each cylinder may be set so as to vary the cutK)ff at wiU in any cylinder 
independently. 

A small two-cylinder engine, fitted with automatic valve-gear, is pro- 
vided for the purpose of reversing the main engines. 

The feed-pumps and bilge-pumps are entirely separate from the main 
engines. 

A small double-cylinder steam engine is fitted in each engine-room, 
for turning the main engines; having gear so arranged that the worm can 
be readily placed in or out of gear. 

The steam boilers, Plate XVIII., eight in number, are divided into 
four groups, inclosed in four compartments formed by fore-and-aft and 
athwart-ship bulkheads. The boilers of each compartment are provided 
with two double-cylinder feed-engines. 

When the boilers are worked with forced draught, the stokeholds are 
closed in by an air-tight screen fitted with hinged doors in front of the 
smoke-box doors, run up to the lower side of the debris deck. The air is 
forced into the stokeholds by 5-feet fans driven by Brotherhood's three- 
cylinder engines. 

The boilers are of Siemens- Martin steel. They are cylindrical, 15 feet 
2 inches in diameter, gj4 feet long outside; constructed for a working 
pressure of 135 lbs. per square inch above the atmosphere. One of these 
is illustrated in section by figs. 3 and 4, Plate XVI II, The ring-plates are 
I'/jj inches thick, two in number; the end-plates are flanged to go inside 
the ring-plates. The three ring seams are formed with 5 inches of lap, and 
double-riveted with ^-inch. rivets, at 3}^ inches of pitch: the centre-line of 
each row of rivets being ij^ inches from the edge of the plate. Each ring 
is made up of six plates bent to the circles, and united by double straps 
or welts, i6}4 inches wide, one inside the joint, '3/,6 inch thick, and one 
outside, '5/ ,6 inch thick, triple-riveted with ij^-inch rivets, at a pitch of 
fully 4j^ inches longitudinally. The three rows of rivets are zigzag, and 
the centre-lines of the outer rows are i j4 inches from the edges of the 
plates and straps. 

The end-plates are each in three pieces; the upper and lower, % inch 
tliick, of which the lower is cut and flanged to take the furnace-tubes ; and 
the middle piece, which, for the front, is the tube-plate '3/,6 inch thick, 
and for the back is ^ inch thick. The pieces of each end are united with 
4^ inches of lap, and are chain-riveted with two rows of J^-inch rivets, at 
2}^ inches of pitcli. The centre-lines of the rows are ij^ inches from the 
edges of the lap. 

I There are four furnace-tubes in each boiler, of corrugated plate, 's/31 inch 

I in thickness, 3 feet i inch in diamuter inside, 6 feet 6;^ inches long. They 
I are riveted to tlie front end-plate, and to the bottom plates and tubt-plates 
I of the combustion-chambers. There are two combustion-chambers, divided 
I by a central vertical water-space, of J^-inch plates, except tlie tube-plates, 
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which are '3/ ,6 inch thick. The water-spaces are stayed with ij^-inch 
screwed steel stay-bolts, nutted at each end, pitched at 7 inches between 
centres. The chambers are 2 feet ij4 inches long at the top, widened 
slightly towards the bottom. The back water-spaces are 4 inches wide at 
the bottom, 6 inches at the top. The middle water-space is 5 inches wide, 
and the side spaces are 4)4 inches. 

The flue-tubes are of wrought iron, 2}i inches in diameter outside, 
6 feet 8 inches long between the tube-plates, pitched at 3>^ inches apart 
between centres. There are 245 tubes for each combustion-chamber and 
pair of furnace-tubes, or 490 tubes in all. These comprise 378 ordinary 
tubes, .165 inch or fully 5/33 inch in thickness; and 112 stay-tubes, ^ inch 
thick. The ordinary tubes are riveted over the tube-plate of the com- 
bustion-chamber, and expanded in the tube-plate of the smoke-box. The 
stay-tubes are screwed into both tube-plates, and riveted over at the end 
in the combustion-chamber. The stay-tubes are generally 7 inches apart 
horizontally, and io)4 inches vertically, between centres. 

The upper part of the ends of the boilers are stayed with four rows of 
i'5/j6-inch bolts, pitched 14 inches apart vertically, 14 J^ inches horizontally. 
Stay-bolts are also placed about the furnace tubes. The roof of each 
combustion-chamber is stayed with ten stay-bars, and i J^-inch bolts and 
nuts. 

Six manholes are formed in the front plate about the furnace tubes, 
and one over the steam-space. 

The fire-grates are 7 feet in length. The fire-bars are of cast iron, 
I inch thick, with J^-inch air-spaces. There are special cast-iron bars at 
each side to suit the corrugations. The total grate-area for one boiler is 
S6j^ square feet; and the total heating surface is 2500 square feet, or 
29 times the grate-area. 

There are two chimneys or funnels, of steel plates, for the eight boilers, 
in two groups of four boilers; 7 feet i inch in diameter, of 3/i6-inch iron 
plate, and 65 feet in height above the level of the fire-grates. 



Chapter LXXXIX. 

PAIR OF HORIZONTAL TRIPLE- EXPANSION MARINE STEAM 
ENGINES FOR FAST TWIN-SCREW CRUISERS. 

DESIGNED AND CONSTRUCTED BY MESSRS. HUMPHREYS, TENNANT, & CO., LONDON. 

PLATE XIX. 
(Cylinders 30 inches, 44 inches, and 68 inches in diameter; 3 feet stroke.) 

These engines, Plate XIX. and figs. 975 to 978 annexed, are designed to 
indicate 6000 indicator horse-power, under forced draught, for ve 
screw cruisers, in which great power is required with 
The engines are side by side, reversely to each oth^ 
to the screw shafts. They are horizontal, and i 
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plating and angle iron, built up from the hull. When developing 6000 
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indicator horse-power the ei^nes make 135 turns, or 810 feet of piston 
per minute. 

The Brst, second, and third cylinders are respectively 30 inches, 44 inches 




Fig. 971S.— Humphtiyi' Ht 



Section thnnigh Fua 07110(10 Sole i/4B(1l 



and 68 inches in diameter, with a stroke of 3 feet The areas arc as i, 2.15, 
5.14. The screw-shafts are hollow, 11 inches in diameter outside, 6 inches 
inside; and they are 17^ feet apart transversely, each turning a three- 




blade screw 13 feet in diampter. 
guided by cast-iron beds. 
The connecting-rods are f 



The crossheads are supported on and 
■-rods are each 6 inches in diameter, 
four times the length of the cranks. 



UUFHREVS' TRIFLE-EXPANSION ENGINES FOR FAST CRUISERS. 

The cylinders are compactly arranged and bolted directly together, 
without the intervention of the valve-chests. For the first and third cylin- 
ders the vaive-che.sts are placed at the outer sides of the cylinders; for the 
second cylinder the valve-chest is placed on the top of it By this expedient 
the first and second cylinders are only 4 feet 4 inches apart, and the second 




I and third are 5J^ feet apart, between their axes. The crank-shaft is 
! inches in diameter, and is carried in four bearings, which are 17 inches 
long for the first cylinder and 24 inches for the third cylinder. The crank- 
pins are 12J^ inches in diameter, 12 inches long. They and the shaft are 
I hollow, 5 inches in diameter inside. 

Vol. It M 
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The details of the cylinder and the valve-gear are similar to those of the 
ironclads already described, except that the motion of the valve-gear for 
the second cylinder is transmitted through a rocking lever to the front 

The condenser is of gun-metal, cylindrical, }i inch thick, 5J^ feet in 
diameter outside, 7 feet long between tube-plates. It has 262^ condensing 
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TRIPLE-EXPANSION DISCONNECTING TWIN-SCREW ENGINES. 

having three corrugated furnace-tubes of 
, 3 feet 8 inches in diameter; and 442 
flue-tubes, 2^ inches in diameter, 5 feet 8 
inches long betiveen plates. 

The working pressure is 1 35 lbs. per square 
inch above the atmosphere. Each fire-grate 
is 3 feet 8 inches wide, 7 feet 4 inches long. 
The grate-area for one boiler is So^ square 
feet; and the heating surface is 2281 square 
feet, or 28.3 times the grate-area. 

The chimney is oval in section, 8 feet 5 
inches by 6 feet 3 inches, of 3;,6-inch plate; 
50 feet 10 inches high above the level of the 
grates. 



Chapter XC. 

TRIPLE-EXPANSION DISCONNECTING TWIN-SCREW 

MARINE ENGINES. 

DESIGNED AND CONSTRUCTED BY MESSRS. RANKING BLACKMORE, GREENOCK, 

FOR THE STEAM-SHIPS AS9UN9ION, APA, PILCOMAYO, AND RtO PARAGUAY. 

PLATE XIX". 

{Cylindera 9 inches, 18 inches, and 32 indies in diatnetcr; stroke 21 inches.) 

The twin-screw steamers above named are 160 feel in length, with 

33 feet beam, and 9 feet depth of hold. The dead-weight capacity is 

about 500 tons. An aperture has been formed at the stern-post to allow 

the propellers to overlap on the system introduced by Messrs. Rankin St 

Blackmore in the steamship Otter, built in 1876^ and since applied by them 

to 36 twin-screw steamers, and by other constructors in the case of the 

Teutonic, the Majestic, and other large vessels. 

The engines are constructed on Rankin's system, patented in April, 1S82, 
and February, 1 885, whereby the advantages of triple expansion are secured 
without the complication entailed by two separate engines having six 
cylinders and six cranks, for driving tivin screws. In the Rankin vertical 
system there are only four cylinders and two cranks; two first cylinders 
being placed above a second and a third cylinder, one over each of these; 
and the pistons of each two cylinders being fastened on one piston-rod, 
connected to one of the two screw-shafts below. 

The two first or high-pressure cylinders are 9 inches in diameter, of 
inch metal; the second is 18 inches; and the third is 32 inches in 
f I -inch metal; with a common stroke of 22 inches. The 
Idty-ratios of the cylinders are as i, 2, and 6.32: the two first cylinders 
Ibdng reckoned together as one. The cylinders are not steam-jacketed. 
I The first cylinders are covered with asbestos, felt, and teak lagging. Steam- 
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jacki-ts have been tried and, it is stated, found to be useless. The cylinders 
arc lillcd with ordinary flat slide-valves: those of each half-engine being 
workcil by one expansion link-motion. The link is connected directly to the 
xalvt-spintllc of the lower cylinder; and by means of a rocking lever of the 
sfLond (uilcr, one-half of the vertical travel is transmitted from the upper 
tiul o( ihc lower valve-spindle to the upper valve-spindle. The lap of the 
lir^t valve is .^h inch, of the other valves i inch. The lead of the first valve 
is * ,.. inch at the top, }^ inch bare at bottom; of the other valves, ^8 inch 
at top. .\ i(, inch at bottom. The travel of the first and third valves is 
J inches ; of the other valves 4 inches. The throw of the eccentric is 
.\ inches. The main steam-pipe is ij^ inches in diameter; the two branches 
to ihf first cylinders are 2^*4 inches. The first valve cuts off at 75 per cent; 
I lie others at 70 per cent. The expansion -link or quadrant is of the 
tU>uble-plale style specially adapted for these engines, being unusually 
^hort in i»rder to clear the condenser, which is located between the two 
h.ilfenj^ines. The special compactness is effected by dispensing with the 
UMial hindini; boll at each end, and employing for this purpose the pin 
whieh takes the end of the eccentric -rod. All the working parts are 
a J instable. The reversing is performed by means of hand levers, one to 
e.iv h half-enL^ine. These can be promptly handled — a point of great 
iinivMiaiue in workini^ sinj^lc-crank eni:^ines. 

riu* coiuieiiser. situated between the half-eui^ines. binds them together. 
It contains 5S; solid-drawn tubes of brass, .^^ inch in diameter externally, 
Nv\ iS w ire-L;aui;e in thickness, 5 feet in leni^th between the tube-plates, 
riu* ste.un is outside the tubes, which make a condensing surface of 
54; sv;iMre iVet. There are one air-pump and one circulating pump, 
i!v^;ib!e actiti^;. each u inches in diameter, with a stroke ot lO inches, con- 
t.iiiK\l ui:hin a CvMUinuation of tlie condenser casrin^- Thev. in conjunction 
\\\\\\ \:\c uvJ. aiul bil^^e pumps, are worked on :r.e low-pressure main 
s:\it': Sv n^e.i'.is of eccentrics keved on the sh.if:. The teed-'oumo is t:tted 

\\..>1 ..iv,«>l. \»l.\v.>, »..v>v. V I L»ie V.ir^w4.«Vk..tw^ :.'.......' wliv. v.. -».*^.»A k>*wr..v... 1.111.3 
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cylinder, whence it is exhausted into the upper part of the receiver, from 
which it advances through a horizontal connecting pipe to and through tlie 
third cylinder, whence it is exhausted into the condenser. 

Assuming that the starboard engine is stopped, by the application of 
the reversing gear, both throttle- valves continuing open, the steam from 
the port high-pressure cylinder will exhaust into the lower part of the 
receiver, and pass thence into the second cylinder. After having acted 
there, it passes into the upper part of the receiver, as usual. But the star- 
board engine being stopped, there is no passage for the steam through the 
third cylinder; and the pressure rises until it is sufficient to raise the large 
spring-loaded valve on the receiver, shown in fig. i, Plate XIX*., and 
escape into the atmosphere. 

Suppose, again, that the port engine is stopped, the starboard engine 
atone working; the steam from the starboard high-pressure cylinder ex- 
hausts into the lower part of the receiver on the second cylinder, and 
accumulates there, as there is no way through the second cylinder until 
the pressure is high enough to lift the small spring-loaded valve, partially 
shown in Plate XIX*., when it 
passes into the upper part of the 
receiver, thence to the third cylin- 
der and to the condenser. 

From these explanations it is 
apparent that when both half- 
engines are at work, either both 
ahead or both astern, or one going 
ahead and the other going astern, 
they constitute a complete triple- 
expansion engine. When the port 
half-engine alone is working, it is 
in fact an engine of the compound 
non-condensing class. When the 
starboard half-engine alone i 
ing, it becomes an engine of the 
compound condensing class. 

Steam of 150 lbs. per .square 
inch working pressure is supplied 
from a steel boiler 11 feet in dia- 
meter, 9 feet 7 inches long, having - 
two furnace-tubes on Fox's 
gated system, 3 feet 4 inches in 
diameter. The fire-grates are 5^ 
feet long, having 38,3 square feet j 
of area. The fire-bars are }i inch 
thick, with >^-inch air-spaces; with a total heating surface of 1006 square 

I feet, or 26.2 times the grate-area. The funnel or chimney is 3ji feet in ■ 

[ diameter, and 32 feet high above the level of the grates. 
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694 The construction of steam engines. 

We^ht of engines, 30 tons ; »-ith water in condenser, $0}^ tons ; boiler, 
33 tons; with water, 36 tons; total, 66^^ tons. 

The normal apced of the ship is about S)4 knots per hour, and thatoC 
llie engine is lao revolutions, or 440 feet of pistons per minute, working 
to 350 indicator horsc-pou cr. 1 

The propellers are 7 "4 feet in diameter, of S-feet pitch. Tliey haw* 
each three blades, and they overlap each other. 

Sample indicator diagrams are shown in figs. 981. It is stated Ih^Bl 
about 1.6 pounds of good coal is consumed per iodiator hor s e- p ow er. 



CHAPTER XCL— QUADRUPLE-EXPANSION DISCONNECTIVE 
TWIN-SCREW MARINE ENGINES. 



PLATE XIX«. 
ICflinden 18 inrhn, t6 inehei, 36 inchcii md 51 lnrl>n fai iHiBwtff; Mnke 39 Indm.) 

This steamship is 512 feet long, 40 feet 4 inches broad; depth of hold, 
19 feet 7 inches. She carries 4100 tons dead-weight on a mean draug^ 
of 21 feet In this condition she can steam at the rate of 8|^ knots per 
hour at sea. 

The engines are on Rankin's patented t/uoMMM/nv quadruple-expansion 
principle; and are similar in design to the disconnectii^ quadruple-expan- 
sion types, with several triple-expansion engines, patented by John F. and 
Matthew Rankin, in April, 1882. This appears to have been the earliest 
invention embracing the modem quadruple- expansion marine engine of 
four cylinders on two cranks. A modification of this design, having six 
cylinders and three cranks, was supplied by Messrs. Rankin & Blackmorc 
for the steam-yacht Rionnag na Mara.' 

The cylinders of the engine of the Falls of Inversnaid are 18 inches 
26 inches, 36 inches, and 52 inches in diameter; with a stroke of 39 inches. 
Their capacity-ratios are as t, 2.09, 4.01, and 8.36, They are arranged as 
two half-engines, in tandem, working on two cranks in the main shaft 
The first cylinder is placed above the second cylinder, and the third ovw 
the fourth; making practically two distinct engines, either of which may 
be worked independently at sea, in the event of the other breaking down. 
For this object a reducing valve is fitted to the lower-pressure half-engine, 
for the supply of steam direct from the boilers; and a special exhaust pipe 
is led from the high-pressure half-engine to the waste steam-pipe. The 
upper cylinders are connected to the lower cylinders by strong cast-iron 
brackets, so arranged as to admit of the lower cjiinder-covers to be lifted 
for the purpose of examination of the piston' -"*Hout disturbing the upper 

' Described in BngiiueriHg, April 9, 1886, giviiii Uhed acconnt of a 

trial of such engines. 
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iron covers, bolts and 
nuts. The crank or 
main shaft is ii^ 
inches in diameter. It 
is a double^throw buSt 
shaf^ forgedof selected 
scrap iron, made in 
two interchangeable 
pieces. The sole-jdate 
or bed-frame is one 
large casting of \%* 
inch and i ^ - inch 
metal, of deep box 
sectioiL It has four 
main bearing bushes 
of tough cast iron, lined 
with patent metal 
strips; with acover held 
down by bolts with 
nuts recessed into 
guard-rings with set- 
pins; the bolts having 
collars sunk into the 
top of the sole -plate, 
against which they are 
secured by nuts below 
the sole-plate. Planed facings are provided on the 
solc-platc for the condenser, the columns, and the 
turning gear. The front columns are of cast iron, 
of box section, of J^-inch metal, and are mounted 
with guide -plates. The back columns are of like 
design, cast in one piece with the condenser. Sepa- 
rate guide -plates are fastened to them, with an 
interspace in which water may circulate to keep the 
plates cool. The condenser is horizontal, 
of I -inch metal and is surface-condensing, 
with provision for a constant circulation of 
cold water. It contains 829 solid-drawn 
brass tubes, ^ inch in diameter outside, 

No. 18 wire -gauge 
in thickness, 9 feet 
7^ inches long be- 
tween plates. The 
total cooling sur- 
face is 1 562 square 
:. The condenser 
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Js also arranged for condensing by a jet in case of need. The air-pump 
is single-acting; the circulating pump is double-acting; and they, with the 
feed pump and bilge pumps, are worked by wrought-iron levers coupled 
at one end to the gudgeon of the connecting-rod of the after half-engine; 
and at the other end to the pump crosshead by double links, fitted with 
adjustable solid brasses secured by double nuts. The turning gear con- 
sists of a large worm-wheel fixed on the after end of the crank-shaft, moved 
by a worm held by a cast-iron bracket bolted on the sole-plate. It can 
be worked by hand, or by means of rope gearing driven by the ballast 
donkey engine. The propellers are of cast iron, 145^ feet in diameter, of 
15^ feet pitch; having four blades. 

Steam is supplied from two steel boilers, under forced draught, con- 
structed, according to Lloyds' requirements, for a working pressure of 
180 lbs. per square inch. They are 13 feet in diameter, 11 feet long; of 
extra size in order to ensure a good supply of steam by natural draught 
in the event of any interruption of the forced draught. The lire-bars are 
J^ inch thick, with J^-inch air-spaces; and they are 4^4 feet long. The 
funnel is SJ^ feet in diameter, and 50 feet high above the level of the 
grates. The apparatus for forced draught is fitted to a closed ash-pit 
having automatic valves for admitting air from the stokehold, both below 
and above the fire-grates. The forced draught is supplied by two fans 
driven by Chandler's "silent" engines, which exhaust into the low-pressure 
casing of the main engines. Weir's hydro-kineters are employed to circu- 
late the water in the boilers thoroughly whilst steam is being got up. One 
of Weir's evaporators also is adopted for supplying fresh feed-water. 

Weight of engines, 1 15 tons; with water in condenser, 117 tons; boilers. 
89 tons; with water, 125 tons; total, 242 tons. 

An exact duplicate set of engines and boilers has been fitted into the 
new steamship Holyrood. But the apparatus for forced draught has not 
been applied. Thus an opportunity is afforded of testing the compara- 
tive value of the forced draught versus the natural draught. A set of 
sample indicator diagrams from the engine of the Holyrood, with a block 
diagram, are given in figs. 983. When the diagrams were taken the work- 
ing pressure in the boiler was 182 lbs. per square inch; the vacuum in the 
condenser was 27 J^ inches of mercury; the speed was 63 J^ revolutions, or 
445.5 feet of piston per minute. The total clearance at each end of the 
cylinders was, for the first cylinder, S per cent; second cylinder, 8 per cent; 
I third cylinder, 7.1 per cent; and fourth cylinder, 5.5 per cent The indi- 
I cator power, amounting to 1183.92 horse-power, was contributed thus; — 

i 



First cylinder 3o6>43 

Second do 386.50 

Third do 326.59 

Fourth do 364.47 

Total 1183.92 
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PLATE XX. 



tandem triple-expansion 
lM engine, 
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DENNY'S TWO-CRANK TANDEM TRIPLE-EXPANSION ENGINES. 

usual steam -supply and drain-pipes. It is stated that the jackets arc not 
now used with steam except for heating up the cylinders on getting up 
steam, as no perceptible gain in economy could be ascertained by the use 
of the steam-jackets. The liners are Bange-jointcd to the cylinder castings 
at the lower ends, and are finished dush with the cylinder Hanges at the 
upper ends. 

The first cylinder is fitted with a piston-valve; the other cylinders have 
ordinary double-ported slides, of which the second has a compensating ring 
on the back. The steam is cut off at 72 per cent in each cylinder in full 
gear ahead; and the period of admission is varied alike in all the cylinders 
by linking back the valve-gear. In full gear the total net or working 
expansion, without reckoning for clearance, is (ioo-r72)'. or 2.68. At the 
extreme of expansive working, when the whole of the expansion is per- 
formed in the cylinders, the steam is expanded (7.36-^.72 = ) 10.2 times; 
in which case it is assumed that there is no "drop" of pressure in the 
receivers, and the initial pressure 
in one cylinder is equal to the final 
pressure in the preceding cylinder. 
The piston-rods are of steel, 
10 inches and 8}4 inches in dia- 

I meter. The connecting-rods are 

I of wrought iron, and are 10 feet 

! long, or four times the length of 

; the cranks. They are from io}4 

! inches to 9 inches in diameter. 

■ The crank-shaft is of wrought 

iron, 19 inches in diameter, with 
steel crank-pins 30 inches in dia- 
meter. The shaft is constructed 
in pieces bolted and keyed toge- 
ther. It has four bearings, each 
iGj^ inches long. The bearings 
have cast-iron caps and circular 
cast-iron bushes lined with white 
metal: a system of bearing which 
has been practised by Messrs. 
Denny & Co. for the last nineteen 
years {since 1871) in marine en- 
gines of all sizes, with, it is stated, 
the most satisfactory results. The 
lower bushes can be removed with- 

! out lifting the shaft The journals 

£c-pins are 2oinches long, 
■ew-propeller is 20 feet in diameter, with 24)^ feet of pitch, 
ndenser is of cast iron. i}i inches thick; it is 18 feet 5 inches 
V 
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bolts and nuts. There are 2240 tabes, ^ bkcb in diameter outside, weigh- 
ing I lb. per 2% feet lineal. |6J^ feet long between the plates. They are 
disposed bexagonally, at i.to incbes of pitch. The condensing surface 
amounts to 7255 square feet. The condensing water is driven through the 
tubes by means of two dooble-actiog pumps. 

Steam of 160 lbs. pressure pet square inch is generated in four double- 
ended boilers, of ij^-inch steel plates. 13?^ feet in diameter. 14^ feet 
long, having three corrugated fumacc-tubes in each end of each boiler, or 
24 such tubes in all, i% feet in diameter outside. There are 5 16 iron flue- 
tubes. 3 inches in diameter, Na 9 gauge in thickness, at ^% inches of pitch. 




6 feet long. There are 4 19 square feet of fire-grate area, and 11,220 square 
feet of heating surface, or 26.8 times the grate-area. 

There are two funnels, of J^-inch and 3',6-inch iron plates, 8 feet in 
diameter. 67 feet high above the lowest-level bars. The fire-grates are 
Sj^ feet long; the bars are ^ inch thick, with J^-inch air-spaces. 

The weight of the main engines, boilers, propeller, shafting, pipes, and 
all connections, including the water in the boilers, is about 900 tons. 

It is stated that these engines have been successful from the first The 
vessels are capable of maintaining an average speed of 14 knots per hour 
on the voyage between England and the colonies. They are usually 
worked at a speed of from 60 to 62 revolutions, or 600 to 620 feet of pistons 
per minute, indicating from 3000 to 3400 horse-power, exemplified by the 
indicator diagrams, figs. 984; making a speed of from 12J.^ to 13 knots per 
hour. The rate of consumption of coal for the main engines, for voyages 
at the speed of \2% knots per hour, has been found not to exceed 48 tons 
per day; and at the speed of 13 knots, not exceeding 54 tons per day: 
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corresponding to a consumption of a little under i.6 pounds of coal per 
indicator horse-power per hour. 

In subsequent engines of the type of the Arawa and Tainui, Messrs. 
Denny & Co., dispensing with the objectionable double stuffing-boxes, 
substituted a single metal packing for the piston-rod and the valve-rod, as 
shown in fig. 985, access being given to the packing when required by 
shifting up the pipe which surrounds the rod through the bottom of the 
upper cylinder or the upper valve-casing. 



Chapter XCIII. 
VERTICAL DOUBLE-COMPOUND OR QUADRUPLE-EXPAN- 
SION MARINE STEAM ENGINES OF THE S.S. SNARK. 

CONSTRUCTED BY MESSRS. DZNNY ft CO., DUMBARTON. 



(Cylinden 9^ inches, 13 n 



. 18^ inches, and z6 Inches in diomeler; stroke 15 inches.) 



The Snark is a small vessel, built early in 1833, by and belonging to 
Messrs. Denny & Co. ; used by them as a tender for conveying workmen 
and others to and from vessels on the occasions of trial trips and otherwise. 
Her moulded dimensions are 81 feet by 16 feet by 7^ feet. The engines 
originally were a pair of compound engines having cylinders 12}^ inches 
and 22 inches in diameter, with a stroke of 15 inches; in the ratio i to 3.10. 
They were constructed for a working pressure provisionally of 90 lbs. per 
square inch; though the boilers were made capable of a pressure of 120 lbs. 
with a view to subsequently tripling or quadrupling the cylinders. The 
engines were first converted for triple expansion, by the addition of a high- 
pressure cylinder on the top of the originally first cylinder; and next for 
quadruple expansion, by the addition of another cylinder above the low- 
pressure cylinder. Afterwards the cylinders were replaced by others con- 
structed for quadruple expansion, according to the latest patent of Mr. 
Walter Brock, for tandem cyUnders, as illustrated by figs. 986 to 988, 
described by Mr. Brock as the substitution of a pair of compound tandem 
high-pressure cylinders, and a pair of compound tandem low-pressure 
cylinders, for the original first and second cylinders respectively. Hence 
he describes the aggregate structure as "double compound engines." Mr. 
Brock's first patent was taken out in March, 1884, and his second in 
June, 1885. 

The upper cylinders have no valves or pipes in connection; and they 
can be lifted with nearly as much ease as ordinary cylinder-covers. The 
distributing valves for all the cyhnders are in casings attached to the lower 
cylinders; and there are only the same number of stuffing-boxes as in an 
ordinary compound engine. 

The high-pressure tandem cylinders are gj^ inches and 13 inches in 
diameter, and the low-pressure tandem cylinders are i8j4 inches and 
26 inches in d'n""''*er; with a stroke of 15 inches. The capacity-ratios are 
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u t, 3, 4, 8. Steam is distributed to each pair of cylinders by a coml»- 
lution of a piston-valve for the tirst cylinder of each pair, and a flat slide- 
valve for the aeccHid, on one spindle, worked by an ordinary link-motion. 
The upper pistons of each piston-valve are 4 India and Syi inclies' in 
diameter re^wctively; ibey are larger tlian tbe lower pisbm^ so a> bjr die 
excess of upward steam pressure to balance ttie we^it of the valves and 





Fig. 986.— Dtnny'i Quadnipli 



Engine: CmiSc 



their spindles. The metallic packing between the two cylinders is on the 
system of Messrs. Marshall and Thunder, consists of cast-iron rings, each 
of which is in three segments having tongue pieces, kept lightly in contact 
with the piston-rods by means of spiral springs stretched round tlie rings 
outside. It is believed that for surfaces working on each other in steam, 
cast iron is the best material that can be employed, and accordingly the 
piston-rods of the first cylinders are cased with cast iron, as shown in 
section in one of the cylinders, fig. 987. These rings and rods of cast iron, 
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as applied to the engines of the Snark, proved, after six months of nearly 
continual work, to be in first-rate order, both rods and rings having brightly 
burnished and perfectly smooth surfaces. 

The upper pistons and the piston-valves are packed with two eccentric 
spring-rings of cast iron, one within the other, intended to act practically 
as plugs, which in fact they become in a very short time, the initial spring 




fig. oBj.— Quadniplo-Mpat 






of the rings being very slight The packing rings of the lower pistons are 
fitted on Mr. Haythom's system. They are clear of the bodies of the 
pistons, and are free to adapt themselves to the cylinders independently 
of the pistons; so providing compensation for any slight inaccuracy or 
deviation in the axial lines of the cylinders. The rings, fig. 989, are 
expanded by means of a helical spring abutting on tlie ends of a circular 
line of jointed links inlaid at the back of the ring. The pressure set up 
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by the line of links is adjustable by means of a right-and-left-hand screw 
in the line of links, the action of the screw being transmitted to the helical 
spring. This system of packing has worked perfectly in the engines of the 
Snark. 

The condenser is of cast iron, ^ inch thick for the cylindrical part 
There are 316 tubes, ^ inch in diameter, S^ feet long between the plates. 




makiritJ 324 square feet of surface. The condensing water circulates inside 
the tubes. 

The air-pump and the circulating pump for the condenser are hori- 
zrjiital, double-acting, worked by bell-crank levers, one from each piston-rod 
head. By measurement of the actual steam and priming water passed 
throu^'h the engine, as delivered by the air-pump, a saving of nearly 4 per 
cent has been proved in compa' th the triple -expansion engine 

working at the same pressure le-compound engine, it is con- 
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tended, is simpler than the three-cyh'ndcr engine, with fewer working parts, 
more easily taken to pieces, and demanding less attention when working. 
Existing compound engines can be easily converted in this way by simply 
replacing the cylinder by new tandem cylinders, supplying at the same 
time new boilers for high pres 
sure. 

The engines make 150 turns 
per minute, and develop 150 indi- 
cator horse-power, consuming 
14^4 pounds of water per horse- 
power per hour. Steam is supplied 
from one cylindrical boiler, 8 feet 
in diameter, 7 feet long, having 
one furnace tube, corrugated, 
3 feet 8 inches in diameter inside, 
and 2>s'-inch flue-tubes 5 feet Fig.^.^s.s.sn.rt.'r pi.u..ofN», ,Cyib.=,. s^ic^su,, 
long. The area of fire-grate is 

18.75 square feet, and there is 441 square feet of heating surface, which is 
23}4 times the grate-area. The working steam pressure is 120 lbs. per 
square inch. 

Chapter XCIV.— QUADRUPLE-EXPANSION MARINE 
STEAM ENGINES. 
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PLATE XXI. 



(Cylinders 32 inches, 46^ Inches, 64,"^ inches, ond 9! inches; strokes 5 feet.) 



r coNSTi 

I These ships are 410 feet long, 48 feet broad, 32 feet deep, moulded. 

These quadruple-expansion engines are, like those of the Snark. already 

I noticed, on the system patented by Mr. Walter Brock. The system differs 
from the ordinarj' compound engine, in the substitution of two tandem 
cylinders for the single high-pressure cylinder; and of other two tandem 
cylinders for the single low-pressure cylinder — four cylinders with con- 
tinous expansion on two cranks. The first and second cylinders are on 
one piston-rod, with crank; and the third and fourth cylinders are on the 
second piston-rod with crank. A special feature is the absence of valve- 
chests and of pipe connections on the upper cylinders. The distributing 
valves for all the cylinders are in casings attached to the lower cylinders. 
The number of stuffing-boxes is the same as for an ordinary compound 
engine. The upper cylinders, thus unencumbered, can be lifted from their 
places with nearly as much facility as ordinary cylinder-covers. But the 
uplifting of the upper cylinders is seldom necessary, for direct access to 
the lower cylinders can be had through openings in the top or cover of 
the lower cylinder, which are closed by doors. When the lower cylinders 

Vot, IL 
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arc too small to afford the requisite access by doorways, the upper cylinders 
may readily be lifted clear. Two door openings are formed in the bottom 
of each of the upper cylinders, which give access to the metal packing- 
rin.Ljs of the j)iston-rods. (^n this system of conical formation, which was 
dcsiL,nicd some years ago by Dr. A. C. Kirk, the pistons are coniform, in a 
sin^^lc thickness, of cast steel, to which the forms of tlie ends of the cylinders 
are adapted. 

The upper cylinders have piston-valves: one valve to the first cylinder 
and tw(» valves to the third cylinder. The lower cylinders have double- 
ported flat slide-valves of the usual kind: one to the second cylinder and 
two to the fourth cylinder, l^ach piston-valve and its consecutive slide- 
valve are mounted on the same spindle, and contained in the same casing. 
The spindles of the double valves are united underneatli the stuffing-boxes 
by a crossliead. The pistun-valves are withdrawn when required through 
doorwa)'s in the tops of the casings. The lower valves can be slipped off 
their spindles, and withdrawn with facility, through doorways at the sides. 

The upper piston of each piston-valve is larger in diameter than the 
lower piston ; so that by the consetiuent excess of upward steam pressure, 
the wei^^ht of all the valves and gear may be balanced in any required 
\)V()\uM'Uon. 

Steam from the boiler enters the engine by a pipe or passage formed 
betwcLii the two pistons of the fust cylinder valve, whence it is distributed 
to the upper and lower ends of the cylinder. Thus, the only portion of the 
eiv.Miie I xjiosed to the full boiler pressure is the small part of the valve- 
caMin;.; iKtweeii the pistons of the first valve and the first cylinder itself. 
The ^teani is exhausted from the first cylinder over the ends and down 
tli«- lentre ol tlie piston-valve direct into the valve-casing beneath. This 
easin;( is made of considerable capacity in order to form a suitable receiver 
lj«l\\eeii the first and second cylinders; sufficiently large to admit of the 
sliani \)k:\\v/^ cut oiX to the second cylinder sufficiently early for maintaining 
tlu- j)ri'ssiire tlicre, and preventing the exhaust back pressure in the first 
(\IintKr fnnn fallini; too low. From the valvc-casinir the steam is distri- 
luiird lo tin- Second cyliiuler in the usual way, and is thence exhausted 
inl.i a receiver cast round the cylinder. Hence it proceeds to the third 
I \liinler, i-nlerin;.; llie pas>aL;e between the pistons of the valve, and passing 
tlnnu:;li llur tliinl anil tourtli cylinders, and finally lacing exhausted into 
tlir < nndin^rr. The vaKes are worked b\' means of the bar link-motion. 

'1 111" t ylinders are ]2 inclu.'s, 4''Jj in»;hos, T^'j inches, and 92 inches in 
dianirtir. uiili a common stroke of 5 feet; havin;^^ the capacity-ratios as 
I. .Ml, .|.( '), and S.Jiy. The workin^,^ pressure in the boilers is iSo lbs. per 
Mjiiare inch. The crank-sliaft is of iron, 18 inches in diameter, having 
biarini's .:V.- inches long. The crank-pins are o( steel, 18 inches in 
dianu-ter. with l)earin;.^s 19 inches Ioul^ The piston-rods arc of steel. 
''\"; in«lu'> in ilianieter a])ove, n inclu.s below. The connectin-j^-rods are of 
in Ml. 10 fret lon:.^, or four times the lengthgjpf the crank. The surface con- 
ilcn.^cr contains 1 juj tubes, .^4 inch;' *" lutside. iS feet 2^^ inches 



PLATE XX J. 




>-.-j/:i---7--*.-.T^--| Hi h, ——I 



It 



• 



; 



^ ^ '^ .\ 






> 



V 



\ 
\ 



DENNY'S QUADRUPLE-EXPANSION MARINE ENGINES. 



707 



long, No. 18 wire-gauge in thickness, presenting 4605 square feet of con- 
densing surface, the steam being condensed on the outsides of the tubes. 
There are two vertical single-acting air-pumps, 26 inches in diameter, with 
a stroke of 2 feet, worked by levers 



off the crossheads, with a leverage 
of 2^ to I. By the same means 
are worked two 5^ -inch feed- 
pumps and two 5^-inch bilge- 
pumps, having plungers of brass 
and cast iron respectively; and a 
6-inch steward's pump, with a 
stroke of 12 inches, on the back 
of the condenser. 

The propeller has four blades, 
and is ig}4 feet in diameter, with 
a pitch of 25 feet. 

Steam is supplied from three 
cylindrical double-ended return- 
tube boilers, 14 feet 2 inches in 
mean diameter, 17^ feet long; 
having three corrugated furnaces 
at each end of each boiler, or 18 fur- 
naces in all. There is 352 square* 
feet of fire-grate area, and 9630 
square feet of heating surface, .27.3 
times the grate-area. 

The weight of the engines, 
shafting, propeller, piping, and con- 
nections is 371 tons; and that of 
the boilers with water is 354 tons; 
together, 725 tons. 

The power developed by the 
Monte Video, on a trial trip, was 
5080 indicator horse-power, con- 
tributed as follows: — 

I. HP. I. HP. 



/'/ fylrMtcaxEff. Press. 69 S 



First cylinder 1019 ) 

Second do 1140 ) 

Third do 1439 I 

Fourth do 1482 j 

Total 5080 



2159 



2921 




AUru>spheri& lute 



Vertical Scale, x6o lbs. per inch. 



Z'^fyirMuai.irf.FrKS, 316 




Atmospfieric Un^ 



Vertical Scale, 80 lbs. per inch. 



3^ fyV: Mean,£ffPr€ss 20 7 




Atmospheric line 



Vertical Scale, 40 lbs. per inch. 



4*^, fyl^JieanEffPress. 106 




Vertical Scale, 90 lb«. per inch. 

Figs. 990.— S.S. Monte Video: Indicator Diagrams. Steam 
182 lbs. Vacuum 35^ inches. Revolutions 70.3 per minute. 



On that occasion the average steam pressure in the boiler was 182 lbs. per 
square inch; the vacuum was 25^ inches of mercury; the average speed 
of the engines 70.2 revolutions per minute; and that of the vessel, 15.97 
knots per hour. The sample indicator diagrams from which the power 
was calculated are shown in figs. 990. 
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From the results of careful observations, it is estimated that, with a 
working pressure i8o lbs. per square inch in the boiler — but little in excess 
of the usual pressure employed for triple-expansion engines — an economy 
of from 6 per cent to 8 per cent of coal has been effected with this quad- 
ruple-expansion engine, compared with triple-expansion engines. 

The first sea-going steam-ship that was converted on Mr. Brock's 
system was the Tenasserim, belonging to the British and Burmese Steam 
Navigation Company, of Glasgow and London, which was turned out after 
conversion in October, 1887. The two compound steam cylinders that 
wore removed were 47 inches and 82 inches in diameter; and in their place 
were substituted four cylinders, 24^ inches, 37 inches, 49 inches, and 
'J 2 inches in diameter. The stroke in both cases was 3j4 feet. Four 
sin^lc-cnded boilers, under 60 lbs. pressure, were replaced by two double- 
ended boilers for 180 lbs. pressure. An increase of 40 per cent of power 
was effected by the alteration, with an increase of speed from 8.75 knots 
to 9.84 knots per hour, and a reduction of about 9 per cent in consumption 
of coal — from 26 tons 7 cwts. to 24 tons per day. Making 60 revolutions 
per minute, 1700 indicator horse-power was developed. 



Chapter XCV.— COMPOUND OSCILLATING ENGINES OF 

H.M.S. SPHINX. 

CONSTRUCl'ED BY MESSRS. JOHN PEXN & SONS, GREENWICH. 
^Cylinders 38 inches and 70 inches in diameter; stroke 4I3 feet) 

H.M.S. Sphinx is a composite paddle-vessel of 11 30 tons, built in 1S83 
bv Messrs. Green of Hhickwall. for ser\'ice in the Persian Gulf. The 
eni^ines. furs. 001. cx^j. and v»;. are oscillatiniT. The cvlinders oscillate on 
irunnion.s vertically under the paddle-shaft; connecting-rods being dis- 
pensed with, and the required compactness secured. 

The framini:: is of cast iron, of i-inch metal for the most part The 
solo is in three pieces, bolted tOi::ether; the top in four pieces, bolted 
tOi^ctr.cr. forming: three bays for the play c*{ the cranks: and supported on 

ciu:lu .|*.--i!xh roiMui columns of \vrouc:ht iron, fastened to the sole. The 

• ••** It ■ •• t • ^*i • 

.(v'..li...w i> > » . . . V . .V. *.» ..'% L.i>v »Iv'»l v.. tilL v.'iKl.> ..Iv C>.tv... Cl.v.. Vi ..lie CIic_.l.iC. 

««• f • •• • •• « -^ «» • 

««k^ K»aiVaV>.^ Vi^VkB^ •« iv k^^^Vt ^V.'«a^ia «■•«•» %>>V ■«.mK.»*«a^k<.>».*»^ v^** «A • ^« L • % * V . * • ^ «,« 

^/ •'% *- ^ .* • - ..* : ^» 

.1:.:: :'::c v:.::::^-::::eof the shaft is iJi^^ :cc;: jLr:v£ the :iv;:. ;: 
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The first and second cylinders are 38 inches and 70 inches in diameter, 
having tile area-ratio of i to 3.4, with a stroke of 4^ feet They are 
II feet I inch apart between centre-lines. They are thoroughly steam- 
jacketed, and felted and lagged. The liner of the first cylinder is of Whit- 




worth steel ; that of the second is of cast iron. The steam is exhausted 
from the first cylinder into a receiver which is cast around the cylinder; 
whence it passes into the second cylinder, and thence into tlie condenser. 
The distribution of the steam is effected by means of two slide-valves for 
each cylinder, one at each side of the trunnion, for the operations of 
admission and exhaust The condenser is of sheet brass and gun-metal. 
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suiface-condensii^; containing 3o6B horizontal tubes of sdld-dnwn hnm, 
tioaed in^de and outside The steam is condensed witlun die tobei, and 
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the condensing water is circulated through the condenser, outside the tubei^ 
by means of a centrifi^al pump driven t^ an independent engine. This 
pump can also draw water from the bilge in case of leaks in the hull; and 
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Section (hrouEh Au* pi 



is capable of discharging 200 tons of water per hour, with a steam-pressure 
of 40 lbs. per square inch. 

The air-pump is of brass, single-acting, 2 feet 4'/4 indies in diameter, 
with bucket and top and bottom disc-valves of india-rubber. The stroke 
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is 27 inches. The bucket is formed with an 11 -inch trunk, within which 
the connecting-rod takes its connection. 

The pistons are of cast iron, fitted with packing-rings of cast iron, held 
out with steel springs. The piston-rods are of steel, 8 inches in diameter, 
having the usual cap-and-bolt connection to the crank-pins. 

The paddle-wheels are feathering, 18 feet lyi inches in diameter, mea- 
sured to the outer edges of the floats. There are nine floats, each 8^ feet 
long, 3 feet 2 inches wide. 

There are two feed-pumps and two bilge -pumps, driven from the 
main engines, each 9 inches in diameter, with a stroke of 15 inches. There 
are, in addition to these, an auxiliary feed-engine and an auxiliary bilge- 
engine. 

The working pressure in the boilers is 75 lbs. per square inch. There 
are two cylindrical boilers, I2>^ feet in diameter, ()}i feet long, of steel 
plates 7/i inch thick for the shell. The furnaces and other parts are of 
iron. Each boiler contains three plain 3-feet furnace-tubes, discharging 
into a separate combustion-chamber for each; and 251 tubes, 3 inches in 
diameter outside, 6 feet 7^ inches long between the plates. Of these, 
192 are of brass and the remaining 59 are iron stay- tubes. Both boilers 
are required for the supply of steam when working at full power. 

The contract power of the engines was 1000 indicator horse- power, 
though, on the six-hours' full -power trial, 1140 horse-power was indicated, 
when the engines worked at a speed of 35 turns, or 315 feet of piston, per 
minute. The steam was cut off" at 5^ths of the stroke in each cylinder, 
making a nominal expansion of (3.4x^5=) S-44- It is stated that the 
consumption of coal on the trial was at the rate of 1.85 pounds per indi- 
cator horse-power per hour. 

Chapter XCVI. 
PAIR OF DIAGONAL COMPOUND CONDENSING PADDLE 

ENGINES, FOR THE S.S. SERAJUNGE. 

CONSTRUCTED BY MESSRS. T. BATES & CO. (POLLIT & WIGZELL), SOWERBY BRIDGE. 

(Cylinders 27 inches and 54 inches in diameter; stroke 5 feet.) 

These diagonal engines, figs. 994 and 995, were constructed for the 
paddle steamer Serajunge, the property of the India General Steam Navi- 
gation Company, Calcutta, for the river service between Calcutta and 
Assam, carrying deck cargo, and towing flats. The boat is of iron, 280 feet 
long, with 30 feet beam, and is 10 feet deep. The draught, empty, is 2 feet; 
fully loaded, 4^^ feet. 

The two engines are side by side, one on each side of the centre-line 
of the boat, entirely independent of each other; each engine driving one 
paddle-wheel. The cylinders are inclined at an angle of i vertically ir 
2.6 horizontally; and the direct height of the axis of the crank a' 
bed is 9 feet 4>^ inches. 
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The fmniflg of eadi pair of aiginet eoaJtb of three CMt-inm strder- 
pieeei, of i^-bich metal, bolted to the upper ends of the ^linden^ lod 




giWng three bearings to the cranV 
beyond the crank-shatt to the 



; cxtoKieii ki— .vani 
■d axe tied to- 



bates' diagonal compound paddle engines. 

gether by a transverse plate, The girders are supported at the higher ends 
on 5-inch round wrought-iron columns, in cast-iron bases, 12 inches square, 




to suit the engine-bearers in the boat; and they are additionally suDonf* 
on the condenser and on supplementary frame-castings, which suj 
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the cylinders. The slide-guides for the crossheads are cast on the girders; 
also, facings for the fixings of the valve-gear and starting-gear. 

The engine -bearers are wrought -iron box-girders, of ^-inch plates, 
10^4 inches deep, built into the ship s bottom. 

The cylinders are 27 inches and 54 inches in diameter, of i^-inch 
metal, with a stroke of 5 feet. The ratio of their areas is I to 4. They 
arc not steam-jacketed, and are covered with non-conducting material and 
lagged with polished mahogany. The pistons are i inch clear of the covers 
at the ends of the strokes. The valve-chests and passages are of i-inch 
metal. The distribution for each cylinder is effected with an ordinary 
slide-valve, on a three-ported face. The steam-ports of the first cylinder 
are 2 5^ inches by 14 inches; and those of the second cylinder are 4^ inches 
by 26 inches; i/is.i part and ^25 part of the respective cylinder-areas. The 
travels of the valves in full-gear forward are 7 inches and 10 inches. The 
maximum admission for each cylinder is 75 per cent of the stroke; and 
the cut-off is varied by means of link-motions. The cranks are at right 
angles. There is no special receiver, but the intermediate available capacity 
of steam-passages, pipes, &c., is equal to that of the first cylinder. 

The condenser is of ^-inch cast iron, cylindrical, 4 feet in diameter; 
fixed transversely underneath the main girders, and bolted to them and to 
the ship's bearings. There are 1056 solid-drawn brass tubes, ^ inch outside 
diameter, Xo. 16 gauge in thickness, pitched at about i^ inches, 6 feet 
long between the plates; making 1250 square feet of condensing surface. 
The steam is exhausted on the outside of the tubes, and the condensing 
water circulates through them. The tube- plates are of cast iron, 2 inches 
in thickness, into which the tubes are fastened with wood ferules. The 
circulating pump is single-acting, 26 inches in diameter, with a stroke of 
15 inches, worked by means of a bell-crank off the first crosshead. 

The air-pump is single-acting, 36 inches in diameter, with a stroke of 
15 inches, worked off the second crosshead. The hot-well is placed between 
the condenser and the air-pump, and it forms a support for the main 
girders. It has a 6-inch outlet, through the ship s side. It has a float for 
regulating the suction for the feed-pump. The float is hung from one end 
of a lever, the other end of which controls a throttle-valve on the suction- 
pipe of the feed-pump, by which, when the water-supply in the hot-well is 
deficient, the suction-pipe is closed, and the pumping of air into the boiler 
is prevented. 

The pistiMi of each cylinder is lO inches thick; in one piece, hollow, 

with a !>arn>w junk-ring. The first piston is of i)^-inch metal in the faces, 

and the second, is of i3^-inch metal, reduced to i^ inches near the 

periphery. Vhc parking rings are of cast iron, two to each piston, are 

of L section, on Mather & Piatt s principle, with an improved steel coil. 

They are together (> inches wide on the face. The piston-rods are of steel, 

S% inches in iliamcter, each let into the piston with a taper, and fastened 

with a nut * d. The outer end of the piston-rod is formed with a 

head to head, which is fastened to the piston-head with a cap 
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and two bolts. The connecting-rods are 1 1 feet in length, or 4.40 times the 
length of the cranks. They have solid-forged ends to take the crosshead, 
and cap-and-bolts fastening on the crank-pins. 

The crank-shaft is in two pieces: — the crank-axle of the first cylinder, 
and the paddle-shaft The crank-axle is of cast steel, having 9-inch jour- 
nals. The paddle-shaft is of wrought iron. It is 11 inches in diameter. 

The crank-arms for the second cylinder are of wrought iron. The 
centres are 1 1 inches deep, and the webs of the inner and outer cranks are 
respectively 8 inches and 7 inches thick. They are shrunk on the ends of 
the steel crank-axle and the paddle-shaft respectively, and secured with a 
cylindrical key driven in from the face of each crank. The crank-pin is of 
steel, 9 inches in diameter, let into one of the arms with a taper and 
fastened with a shallow nut The other end of the pin is cylindrical, and 
is let into the crank on the paddle-shaft, which is bushed to receive it The 
main bearings are fitted with wedge-blocks and screws. 

The valve -gear consists of ordinary shifting - link motions, one for 
each cylinder. The two motions are side by side, at the outer sides of the 
engines, the motion being conveyed to the valve-spindles through transverse 
rocking shafts. The link-gear is balanced by a counterweight on the 
reversing shaft; and the operation of reversing is effected by the application 
of steam power to a single-acting 5 -inch cylinder, having a lo-inch stroke, 
the shaft of which carries a worm, which drives a worm-wheel, on the shaft 
of which a 6-inch crank is fastened, and revolves. The crank is linked to 
the weighted lever on the reversing shaft, and by its revolution lowers or 
raises the links for forward or backward gear. 

From the ends of the crosshead of the circulating pump a 4 J^-inch feed- 
pump, with a 1 5 -in. stroke, and a bilge-pump of the same capacity, are worked. 

The paddle-wheels are 19^ feet in diameter, having floats 10 feet long, 
2^ feet wide. 

Steam is supplied by six Scott*s tubular boilers, all of steel — three for- 
ward and three aft, the two groups being connected with an 8-inch copper 
steam-pipe from each group, to an ii-inch main, from which steam is con- 
veyed to each engine by an 8-inch branch. The boilers are each 5 ^ feet 
in diameter, of >^-inch shell-plates, except the ends, "/16 inch thick. There 
are 60 flue-tubes, 3)^ inches in diameter, 9 feet long between the plates. 
The steam from each group is collected overhead in a receiver, 4 feet in 
diameter, 10^ feet long, of 7/16-inch plate. The heating surface of each 
boiler is 600 square feet ; grate-area 30 square feet. The working pressure 
is 90 lbs. per square inch; the test pressure was 180 lbs. The special 
feature of these boilers is the receptacle at the lower part for trapping 
sediment from the feed-water. 

Tons. 

Weight of six boilers, with water 50 

Do. two pairs of engines 120 

Do. two paddle-wheels 40 

Total weight 210 
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The normal speed of the engines is at the rate of 30 turns, or 300 fi 
of piston, per minute. The speed varies according to the cargo and numt 
of flats being towed. 



Chapter XCVIl.— CHANNEL STEAMERS. 

THE CALAIS-DOUVRES. 

The recently introduced steamers for the cross -channel traffic are J 
typified by the latest of them, the Calais-Douvres paddle steamer, the I 
property of the London, Chatham, and Dover Railway Company, started [ 
in June. 1889, on regular duty between Dover and Calais. The steamerl 
was built and engined by the Fairfield Shipbuilding and Engineering J 
Company, Govan, Glasgow. The following are dimensions and quantities I 
of the Calais-Douvres, and the sister vessels the Victoria and the Empress J 
on the same service; and, for comparison, those of the Paris and the | 
Rouen, in the service of the London, Brighton, and South Coast Railway, f 
are added: — 

London, Chatham, and Dover Rcdlway. 
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The engines of these vessels are compounded: those of the Calais^! 
Douvres having a 59-inch and 106-inch cylinder, with a stroke of 6 feet; 
having the capacity-ratio as i to 3.23. The engine is diagonal direct-acting 
receiver compound, with surface-condensers, the same in design as the engines 
of the Paris and the Rouen, figs. 996, 997, 998, pages 718 to 720. The 
cylinders work direct to the paddle-shaft The shaft is in two independent 
parts, divided at the middle, one cylinder being connected to one part and 
the other cylinder to the other part. The respective cranks are connected 
together by a drag-link, by which the engines are caused to work at right 
angles to each other. The second cylinder is steam-jacketed. The pistons 
are of cast steel, dished in form, with a cast-iron junk-ring and packing 
rings. The junk-ring is cast with a shoe or longitudinal extension, to j 
Increase the bearing surface. The valves are worked with the bar-link I 
gear: the eccentric sheaves of cast steel with brass liners the forgings of ■ 
steel. The shaft, rods, and other large forged work are of ^ iJel; the crank- < 
pins and the shaft being hollow. Steam of no lbs. pre' ire is supplied I 
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from four double-ended steel boilers, I3j.{ feet in diameter. i6j^ feet long, 
each having three corrugated furnaces at each end. 3 feet 5 inches mean 
diameter; and, collectively, 2592 tubes, 2^ inches in diameter externally, 
6}4 feet long. The shell-plates are ^ inch thick, triple-riveted, lapped at 
the circular seams, double-butt strapped at the longitudinal seams. The 
collective grate-area is 570 square feet; the heating surface is 13,850 square 
feet, or 24.3 times the grate-area. The boilers are fitted with forced 
draught to a pressure of from J2 inch to 3^ inch of water; for which four 
fans, 6^4 feet in diameter, are employed. The paddle-wheels are 18 feet 
in diameter, measured to the centres of pressure; and 21M feet over the 
outer edges of the floats. There are nine floats in each wheel, steel plates, 
12;^ feet long, 3 feet 10 inches wide, of varying thickness, so as to counter- 
balance the engine. For this purpose, six floats in each wheel are I'/^s inches 
thick; two floats are I'/i inches, and one is i3_j; inches thick. 

The length of the voyage between Dover and Calais Is 2 1 J^ knots. 
The average speed of the Calais-Douvres is at the rate of 19.31 knots per 
hour, the engines making 4421 revolutions per minute, and developing 
over 6000 indicator horse-power. The estimated consumption of coal is 
38 tons per trip. 

Of the sister vessels, the Victoria and the Empress, on the same service, 
the performance of the Empress may be here quoted, in comparison with 
that of the Calais-Douvres on one occasion, to exemplify the gain by the 
employment of forced draught: — 

Forced Dnughl Nuural Draught 
ICaliU- Deuum), ! Enptcu) . 

Time on passage, minutes 65.9 74.2 

Revolutions per minute 43.2 35'93 

Knots per hour i9'57 '7-4S 

Slip of wheels 23 per cent 17.4 per cent. 

Pressure of steam in boilers 104.9 'bs. ... 100,79 lbs. 

Pressure of steam in receiver sS''9 " ■■■ 'S-iS „ 

Vacuum in condenser 24.9 inches. 24.17 inches. 

Coal consumed per double trip, Dover 

to Calais and back 38 tons, ... 

Showing a gain in speed of upwards of 2 knots per hour. 
THE PARIS AND THE ROUEN. 
The type of engines adopted for the Calais-Douvres had already been 
introduced for the Channel service in the sister ships Paris and Rouen, 
built in 1 838, for the London, Brighton, and South Coast, and the Western 
of France Railway Companies. The ships were built and engined by the 
Fairfield Shipbuilding and Engineering Company. The lengtli on the 
load water-line is 350 feet; breadth, moulded, 29 feet; depth, moulded, 
15 feet; draught, 8 feet 2 inches; speed on trial, 19.057 knots per hour, 
liie engines are illustrated by figs. 996, 997, and 998. The cylinders are 
46 inches and 83 inches in diameter, with a stroke of 6 feet steam-jackcted-^« — Hj^l 
I The crank-shaft, 16 inches in diameter, is of Siemens-Martin steel; so al9&' . ^^^| 
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The normal speed of the engines is at the rate of 30 turns, or 300 feet 
of piston, per minute. The speed varies according to the cai^ and number 
of flats being towed. _^^__ 



Chapter XCVIL— CHANNEL STEAMERS. 

THE CALAIS-DOUVRES. 

The recently introduced steamers for the cross-channel traffic are 
typified by the latest of them, the Calais-Douvres paddle steamer, the 
property of the London, Chatham, and Dover Railway Company, started 
in June, 1889, on regular duty between Dover and Calais. The steamer 
was built and engined by the Fairfield Shipbuilding and Engineering 
Company, Govan, Glasgow, The following are dimensions and quantities 
of the Calais-Douvrcs, and the sister vessels the Victoria and the Empress 
on the same service; and, for comparison, those of the Paris and the 
Rouen, in the service of the London, Brighton, and South Coast Railway, 
are added: — 

London, Chatham, and Dover Railway. 
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The engines of these vessels are compounded: those of the Calais- 
Douvres having a sg-inch and 106-inch cylinder, with a stroke of 6 feet; 
having the capacity-ratio as i to 3.23. The engine is diagonal direct-acting 
receiver compound, with surface-condensers, the same in design as the engines 
of the Paris and the Rouen, figs. 996, 997, 998, pages 718 to 720. The 
cylinders work direct to the paddle-shaft The shaft is in two independent 
parts, divided at the middle, one cylinder being connected to one part and 
the other cylinder to the other part. The respective cranks are connected 
together by a drag-link, by which the engines are caused to work at right J 
angles to each other. The second cylinder is steam-jacketed. The pistons I 
are of cast steel, dished in form, with a cast-iron junk-ring and packii yj 
rings. The junk-ring is cast with a shoe or longitudinal extensioiL|^^| 
increase the bearing surface. The valves are worked with t*"" *«»«^^* 
gear: the eccentric sheaves of cast steel with brass liners, tl 
steel. The shaft, rods, and other large forged work are of r 
pins and the shaft being hollow. Steam of no lbs. pr 
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wheels are feathering, 17 feet in diameter, measured to the axis of the 
floats. There are nine floats in each wheel, of Siemens-Martin hard-rolled 




1 



L 



steel, curved on the driving face, with flanges at the ends, as designed by 
Mr, Stroudley, for the steamships Brighton and Victoria, built in 187S. 
The floats are 10 feet by 3 feet 7% inches; six of these in each \vh& 
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Ji inch thick, two are ij^ inches, and one ij^ inches thick; in order to 
balance the engine and prevent fore-and-aft movement of the ship. Steam 
of no lbs. pressure per square inch is supplied from four multitubular 
boilers, two at each end of the engine-room; 13 feet in diameter, 9J4 feet 
long, each having three corrugated furnace-tubes, of 3 feet 5 inches mean 
diameter. The shells are I'/i^ inches thick. Each boiler is fitted with 
318 iron flue-tubes, 2j^ inches in diameter outside. No. 9 B.W,G. in thick- 
ness, C feet 7>^ inches long; each boiler having 71^ square feet of grate- 
area, and 1842 square feet 
of heating surface. Forced 
draught is supplied by 
means of a pair of 6-feet 
fans, driven by a 7-inch 
cylinder steam engine, of 
J 7-inch stroke, which ex- 
hausts into the interme- 
diate receiver, Theengines, 
in ordinary duty, exert 
about 3000 indicator horse- 
power. The maximum 
speed at which the boats 
have made the run between 
Newhaven and Dieppe, is 
v^% knots per hour, in 3 
hours 20 minutes. The 
average time for one month 
was 3 hours 32 minutes. 
It is estimated that an 
indicator horse- power is 
effected by a consumption 
of I ^ pounds of coal per 
hour. The gross consump- 
tion of coal, including the steam used for driving the fan-engine, steering- 
engine, H'inch-enginc, and circulating -engine, with the steam used for 
heating cabins, &c., does not amount to 2 pounds per horse-power per hour. 

THE QUFEN VICTORIA AND THE PRINCE OF WALES. 
On the Liverpool and Isle of Man Channel service, the recently delivered 
( I S.Sij) paddle steam packets — Queen Victoria and Prince of Wales — were, 
like the others on the South Coast service, constructed by the Fairfield 
Shipbuilding and En!:;ineerinj^ Company. But the engine is differendy 
desiLincd. It is compound direct-acting diagonal, and the cylinders are 
tandem, the first cylinder, 61 inches in diameter, being above the second 
cylinder, \ 12 inches, with a stroke of 6]i feet. They are fitted with slide- 
valves and the usual Hnk-motinn, with Brown's hydraulic reversing engines. 
The chief working parts of the engine arc of steel, the paddle-shaft and 
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crank-pins are hollow. The paddle-wheels are feathering. Steam of 
1 10 lbs. pressure per square inch is supplied from four double-ended boilers, 
15 feet in diameter, 195^ feet long, each boiler having six furnaces of 

corrugated steel. 



Chapter XCVIII. 
LAUNCH ENGINES. WITH THE BREMME VALVE-GEAR. 

CONSTRUCTED BY MESSRS. ROSS & DCNCAN, GLA.SGOW. 
(Mah-Hlii: 



The Mah-HIa is a composite teak and steel screw-launch, built for 
Messrs. Balloch Brothers, Rangoon. The vessel is 45 feet long, with 
Sji feet beam, and moulded depth 4)^ feet. The engine, figs. 999. is vertical, 





:<ini«M«h-Hlii. 



on a solid cast-iron base-plate, having a single cylinder 8 inches in diameter, 
with a stroke of 9 inches, n on -condensing. 

The engine is fitted with the Bremme valve-gear, the principle of which 
has already been explained, page 28. In figs. 999. the suspending link is 
shown in position for the beginning of the down-stroke of the engine, — 
coincident with the reversing arm. The normal speed of the engine, cut- 
ting off at 60 per cent of the stroke, is 360 turns, or 390 feet of piston, per 
minute; and that of the boat is 9 miles per hour. There is one horizontal 
return-tubular boiler, 5 feet in diameter, 6 feet long, having one furnace 
27 inches in diameter. The working pressure in the boiler is 120 lbs. per 

ll square inch. 

I The Sareea screw steam-launch, with her engines, was constructed for 

I Vol. II. M 
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THE CONSTRUCTION OK STEAM ENGINES. 



the service of the Egyptian government, British department. The boat is 
67 feet long, with 12 feet of beam. The engine, figs. 1000, is compound, 
having vertical cylinders, 10 inches and 20 inches in diameter respectively, 
with a stroke of 12 inches, supported over a solid cast-iron base-plate. 
The ratio of the capacities of the cylinder is I to 4. Steam is cut off at 
dlYt per cent in the first cylinder, and 68 per cent in the second. The 
reversing arm is then inclined 27^4 degrees from the middle position. The 
working pressure in the boiler is 100 lbs. per square inch, and the engine 




makes 200 turns, or a speed of 400 feet of piston, per minute. The mean 
s(x:cd attained by the vessel is 1 1 miles per hour. 

The Bremme valve-gear of the Sareea is differently constructed from 
that of the Mah-Hla. The reversing arm and shaft are removed from the 
middle position, as shown in the valve-gear of the Mah-Hla; and they are 
placed beyond the eccentric-rod. The suspending link is pinned to a 
horizontal beam, one end of which is pinned to the reversing arm, and 
the other end is fitted with a slide-block, which moves in a fixed circular 
slot, hating a ratlius ei]ual to that of the re\ersing arm. To reverse the 
engine, the beam is shifted longitudinally by the reversing arm, and as 
boll) on<U move in equal circular arcs, the middle point of connection for 
the siis]>ont!ing link likewise moves in a circular arc, and the valve-move- 
ments ,ire the same as they would be if the link be connected directly 
to the reversini; ,irm. 

The condenser is surf.Ke-eon den sing. There are 271 tubes, ^ inch in 
diameter, ;', feet lonij; making 175 square feet of condensing surface. 

There is one boiler, hori.-ont-il, return -tubular, 7)3 feet in diameter, 
7 feet lon^;. h.iving two -S-ineh turn ace- tubes. 
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Chapter XCIX. 
YACHT ENGINES. WITH THE JOY VALVE-GEAR. / 

CONSTRUCTEU BV MESSRS. T. BATES & CO. (POLLIT & WICZELL), SOWERBV BRIDGE. 

(Cylinders 6}^ inches in diimeter; stroke 6 inches.) 

There is a pair of vertical engines, figs. lOOi, having cylinders 6j^ inches 

in diameter, with a stroke of 6 inches. The steam-ports are 5^ inches by 

5^ inch, or ■/9.B part of the cylinder-area. The engines make 250 revolutions 

or 250 feet of piston per minute. The crank-shaft is of cast steel, 2}i inches 




in diameter, balanced by cast-iron weights fixed with wrought-iron straps. 
The piston is fitted with Mather & Piatt's packing. 

The valve has a maximum stroke of i^ inches, with J^ inch of lap, 
and worked by Joy's valve-gear. For the usual quadrant in which the 
lever-centres slide, a straight spindle with a sleeve on it is substituted. 
Though motion thus produced is not strictly correct, the difference made 
by not allowing for the versed sine o*" ' ''^I's to the crossheads of ihe 
valve-rods is so small that it is not '"u. and working of 

the valves, for so small an 
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Chapter C- 
TRIPLE-EXPAN- 
SION MARINE 

STEAM ENGINE, 

ADAPTED FOR SMALL 
STEAM VESSELS. 

This engine, figs. 
I002, has been de- 
signed and construc- 
ted by Messrs. Coch- 
ran & Co., Birken- 
head, adapted for 
small steam vessels. 
The engine is verti- 
cal, and is arranged 
on three cranks at 
theequidistantangles 
1 20 degrees. The 
cylinders are in line, 
direct-acting on one 
crank - shaft They 
are 5^^ inches, 8J^ 
inches, and 14 inches 
in diameter respec- 
tively; having capa- 
city-ratios as I, 2.4, 
and 6.4, with a com- 
mon stroke of 8 
inches. They are 
clothed with silicate 
and planished sheet 
steel. Ordinary slide- 
valves are employed, 
worked by link-mo- 
tion j::ear,eachciitting 
off at 9 ,6ths, or 56 
per cent of the stroke. 
The steam -pipe is 
Z inches in diameter. 
The crank-shaft and 
the crank -pins are 
2^8 inches in dia- 
meter; the piston- 
rods are i % inches, 



COCHRAN'S SMALL TRIPLE-EXPANSION MARINE ENGINE. 

and the valve-spindles are }^ inch. The air-pump is 6 inches in diameter, 
with a stroke of 3j^ inches. The condenser is i6 inches in diameter, 
4 feet 2 inches long, placed horizontally at the back of the engine. It 
contains 303 condensing tubes, }4 inch in diameter externally, presenting 
a cooling surface of 165 square feet The feed-pumps, two in number, 
have I "^-inch rams, having 3}^ inches of stroke. The air-pump and feed- 
pumps are worked by means of levers from the crosshcad of the inter- 
mediate cylinder. The circulating pump is a small centrifugal pump worked 
by an independent engine, having a 3-inch cylinder with a 2j^-inch stroke. 
The inlet and outlet are of 3 inches bore. Steel is used in construction 
wherever feasible. The working pressure in the boiler is 160 lbs. per 
square inch. The engine makes 380 revolutions, or 506.7 feet of piston 
per minute, developing 80 indicator horse-power. The boiler is of the 
Cochran upright type, 5^ feet in diameter, 6^ feet long. 



Weight of engine 

„ circulating pump . , 



L 



boiler, empty 

„ with water 

engine and boiler, empty . 
do. do. full 



Price of engine and circulating pump £4^0, or ^317 per ton. 

„ boiler and fittings jC39°i or ^£^91, 15J. ., 

„ engine and boiler j^Sio, or ^145, 3J. „ 



Chapter CI,— THE VOSPER FOUR-CYLINDER 
LAUNCH STEAM ENGINE. 



The Vosper engine, figs. 1003, consists of four single-acting pistons and 
cylinders, arranged as two pairs, the cylinders of each pair being connected 
to two cranks on the shaft, diametrically opposed to each other; whilst the 
cylinders of one pair are at right angles to those of the other. The engine 
can be placed very low in the vessel, as all the cylinders are inclined 
upwards from the shaft. 

The slide-valves of the cylinders are worked by one eccentric for all 
four cylinders. For the purpose of reversing, the eccentric is loose on the 
shaft, and is formed with a sleeve which is grooved helically on the outer 
surface. A clutch, under the control of a hand lever, can be shifted longi- 
tudinally on the shaft — a feather on the shaft taking into a longitudinal 
slot in the clutch. The clutch has a short feather which takes into the 
helical groove in the sleeve; and, consequently, when the clutch is shifted 
by means of the lever, the eccentric is caused to revolve on the .shaft to an 
extent sufficient for working the engine reversely. 



I 
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The cjdindeiB of the eo^ne are 6 inches !n diameter, widi a S-tndi 

stroke; making 800 re- 
volutions, or 800 feet of 
piston per minute^ The 
f weight of tbe engine is 
560 pounds. 



Chapter CIL 

The brotherhood 

THREE-CYLINDER 

ENGINES, 

FOR FORCED DRAUGHT, 
Bcc 

The engines de- 
seed and constructed 
by Mr. Peter Brother- 
hood, with three single- 
acting cylinders, are 
specially adapted for 
high speeds of revolu- 
tion. Two examples of 
these engines are shown 
by figs. 1004 and 1005. 
The most interesting 
feature is the novel 
construction of the pis- 
_ tons, which are spheri- 
cal in form, and are 
fastened on the outer 
ends of the connecting- 
rods. They are com- 
pleted with three cylin- 
drical segments, which act as packing rings, tongued together, turned 
externally to the diameter of the cylinders, and bored to fit the sphere. 
The piston-valves are of like construction. The pistons and valves are 
steam-tight: the continuous pressure of the steam on the outer edges of 
the segments keeping them well home on the spheres, and also well up to 
the peripheries or wails of the cylinders. 

The fan-engine, ii.;s 1 004. is one of a set of eight, fitted on a foreign 
war vessel for forced draui^hi. Running at a speed of 500 revolutions per 
minute, an air-pressure measured by 3 inches water-gauge is maintained 
in closed stokeholds. The cylinders air- lies in diameter, with a 

stroke of 5 inches, making a sp- *tr feet per minute. 




Figv. 100^ — Vospo'i 



PETER BROTHERHOOD'S THREE-CYLINDER ENGINES. 727 



f\ 


-■'i 


--'■:::;+-:; n 




d 


F^ 


mi 


--S- .,Z^3 


i;i>*\ 


|_ >s^--- 1 


y 



fra:: :v. vr.v.v.-;: 



THE CONSTkUCTION OF STEAM ENGINES. 




Engines^ and fans of the 
same size are employed 
on the Renown, &c, by 
Humphreys, Tennant, & 
Co., as indicated in Plate 
XVIII. Like engines are 
employed by several other 
leading manufacturers of 
marine engines. 

Another application of 
the Brotherhood engine 
shown by figs. 1005, hav< 
ing 6-incb cylinders, of 
6 inches stroke — is that 
of a d i rect-^ ri vi ng electric- 
light engine. Running at 
600 revolutions, or 600 
feet of piston per minute^ 
this engine yields 20 in- 
dicator horse-power. It is 
fitted with a baU-go\-ernor 
on the shaft 

The indicator diagram, 
fig. 1006. was taken from 
an engine haxnng 8-inch 
cjlinders. with 8 inches of 
stroke, dri\-ing a dynamo 
at a speed of 475 revo- 
lutions per minute; and 
:nd:cating4i horse-power, 
w:th a pressure of 84 lbs. 
tx.r sq-jare inch in the 
S>:Ier, and 60 lbs. at the 
vilve chest Steam was 
iTC-s-— -cii at the rate of 
_;iCj pound? per horsc- 
p,--ier per hour. There 
:s s_'T,c:;-:; bsck pressure 
.-- :l-.i txhaust or return 
itr.-k; ;.> i> ?ho«-n on the 
;r.,-. r.--; rii.v:n^. tokeep 
tr; ;.- i::r> 3-.d connect- 
ir^-r.v-i r.oroe oa »* 



DONLOFS MARINE GOVERNOR. 



Chapter CIII.— DUNLOP'S COMBINED STEAM 
AND PNEUMATIC GOVERNOR FOR MARINE ENGINES. 

A small air-vessel is placed as far aft in the ship as possible, connected 
' to a sea-cock, below it, through which sea-water can be admitted. The 
top of the air-vessel is connected by a pipe laid along the screw-shaft 
tunnel to a throttle-valve controlling apparatus in the engine-room, as 
shown in figs. 1007. An elastic diaphragm is fixed air-tight between the 
flanges of a circular chamber forming the lower part of the apparatus. 
The central portion of the diaphragm is fixed to the base of a cylindrical 
case, in which a helical spring is deposited, and to the bottom of which a 
central spindle is fastened, passing up within and through the spring. On 
the upper end of the spring a flat plate is supported, through which, by the 
action of an adjusting screw, the spring may be compressed to the required 
extent. 

When the sea-cock is opened, the air contained in the air-vessel and 
piping is compressed under the head of water in which the propeller is 
revolving; and if the spring is screwed into a position in which the head 
of pressure is balanced by its resistance, the spindle remains inactive so 
long as a uniform draught of water is maintained. But when the stern 
rises, in consequence of the pitching of the vessel, the air-pressure is 
diminished, and the spring expands and so draws down the spindle. The 
upper end of the spindle, being connected by a system of links to the 
slide-valve of a steam cylinder, opens the steam passage to the upper end 
of the cylinder, in which the steam thus admitted presses the piston down- 
wards. Through side links the crosshead of the piston-rod is connected 
to a lever, through which the throttle-valve is closed in exact proportion 
to the immersed surface of the propeller. At the same time, by the action 
of the lever through links, the slide-valve is closed in a greater or less 
degree. 

The position of the elastic diaphragm, shown in figs. 1007, is the position 
taken when all pressure is removed from below it, the sea-cock being shut 
and the drains of the air-vessel open; or when the stern of the ship lifts 
high enough to raise the entrance to the sea-cock to the surface of the 
water. In operation, the diaphragm floats between the air-pressure created 
by the head of water at the stern, and the balancing effect of the spring. 
The position of the diaphragm when the full draught of water is maintained 
is hard up against the stops on the upper part of the diaphragm chamber. 
If the head of water is increased, the diaphragm cannot be lifted further 
upwards. But when the air-pressure under the diaphragm becomes less 
than what the spring is set for, the diaphragm is immediately pressed 
i downwards: it draws down the spindle, and through the system of lever 
•ks, acts on the throttle-valve. 

ct of the adjusting nut at the top of the spring chamber is to 
nf the apparatus. In general practice, the spring 1 
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pressed to such an extent that when the tips of the propeller rise to the 
surface of the water, the diaphragm floats just clear of stops. With a 
moderate sea and a slow rate of pitching, the steam is shut off in time to 
prevent the engines from racing. But if, by the nature of the sea, the 




pitching is very- quick, it becomes necessary to provide means of acting 
earlier on the throttle- valve. This is the purpose of the adjusting nut 
By screwing it down carefully, the attendant finds the e.xact point at which 
steam must be begun to be shut off; let it be when the propeller is 6 inches, 
1 J inches, or 2 feet below the surface — the throttle-valve being so closed 
niucli (.-.irlicr. 



ADDENDA. 



I. STEAM: EQUIVALENT WEIGHT OF WATER AS EVAPORATED 

FROM AND AT 212° F. 

Let ze/=the weight of water evaporated per pound of a fuel, from water 
supplied at the temperature /, into steam of the total heat H, measured 
from 32° F. Let w\ f, and H', be any other corresponding values for the 
same expenditure of heat Then, the total heat expended in evaporating 
I lb. of water is H + 32 — /, or H'+32 — /', and 

«/ = «,H + 3iz4, (I) 

Let H' be the total heat of steam generated at 212° F., or 1146 units; 
and /=2i2° F. By substitution in formula (i), and reduction, 

-'=«"^^HiF-' <^) 

in which w' is the equivalent weight of water evaporated from and at 
212° F. 

Rule. — To find the equivalent weight of water evaporated from and at 
212° /^, when a given weight of water is supplied at a given temperature^ and 
evaporated at a given pressure. Find, in table No. 4, page 27, vol. i., the 
total heat of the steam generated at the given absolute pressure; add 32 
to it, and from the sum subtract the temperature of the feed-water ; divide 
the remainder by 966, and multiply the quotient by the given weight of 
water. The product is the equivalent weight of water evaporated from 
and at 2 1 2** F. 

When the water is to be taken as evaporated at 212° F., but supplied 

at /'= 100° F., use the divisor 1078. 
at/'= 62** F., „ 1 1 16. 



11. STEAM: MOISTURE OR PRIMING. 

The proportion of water or moisture in mixture with steam, whether 

by priming, condensation, or other cause, may be determined by blowing 

a quantity of the so-called or nominal steam into a vessel holding a given 

weight of cold water: noting the weight of steam, and the initial and final 

temperatures of the mixture. An addition is to be made to the initial 

It of water, to represent the weight of water equivalent to that of the 

^ntaining the water, in terms of their respective specific heats. 

He specific heat of wrought iron, for instance, at .1 138, the cai"'va1*»nf 

water is to that of the iron vessel inversely as the spe 
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or as .1138 to 1. 0000; that is to say, the equivalent weight of water to be 
added to the water contained in the vessel is, say, one-ninth of the weight 
of the vessel. A corresponding addition is to be made for such portion of 
the apparatus as may be immersed in the water. 

Let W = weight of condensing water, plus the equivalent weight of the receiver 

and apparatus immersed in the water. 

w ^ weight of nominal steam discharged into the vessel under water. 

W + z£/ = gross weight of mixture of nominal steam and condensing water. 

H = total heat of one pound of the steam, reckoned from the temperature 

of the condensing water. 

Htt;» total heat delivered by the gross weight of nominal steam discharged, 

taken as dry steam. 

/= initial temperature of condensing water. 

/' = final „ „ „ 

s = augmentation of specific heat of water due to the rise of temperature. 

L = latent heat of one pound of steam. 

L«/ = latent heat of steam discharged into vessel, taking it as dry steam. 

P = the weight of priming or moisture in percentage of the total nominal 

steam 

Then P^xooH"--[(W + «')x(/'-/+x)] (3) 

Lw ^^' 

Rule. — To determine tlu proportion of moisture or priming in steam. — 
To the rise of temperature add the augmentation of the specific heat of 
water. Multiply the gross weight of nominal steam by this sum, and 
deduct the product from the constituent heat of the weight discharged 
into the vessel, taken as dry steam. Multiply the remainder by lOO, and 
divide by the latent heat of the steam taken as dry. The quotient is 
the proportion of water in percentage of the gross weight of nominal steam. 

If there be no remainder, the steam is taken as dry. 

If, on the contrary, the product be greater than the constituent heat, 
the difference is evidence of superheated steam, the percentage quantity of 
which is found by multiplying it by lOO, and dividing by the given con- 
stituent heat. 



III. CALCUL.\TION OF THE HORSE-PO\MER OF 

STEAM ENGINES. 

The horse-power is calculated in terms of the effective mean pressure 
in the cylinder, deduced from indicator diagrams, the dimensions of the 
engine, and the speed. 

Let »/ = diameter of cylinder, in inches. 
1. ^- length of stroke, in feet. 
/ effective mean pressure, in pounds per s^iUare inch, 

' - sjved in revolutions jxt minute. 

The indicator horse-power is ciuial to 

.7Ss4J- \ ; \ 2 X i* ' X r 



CUT-OFF FOR VARIOUS LAP AND TRAVEL OF SLIDE-VALVE. 
or, by reduction, 



Indicator horse-power ' 



y//v 



■<4) 



Break horse-power is calculated in terms of the resultant resisting force, 
and its radial distance from the centre of revolution. 

Let /'•the resultant resisting force, in pounds. 
R^ radial distance, in feet 
The break horse-power is equal to 

3Rx3.i4r6x/xr . 

33000 ' 

or, by reduction. 



Break horse-power 



^Rfr 



(S) 



IV. PERIODS OF ADMISSION, OR CUT-OFF, FOR VARIOUS 
LAP AND TRAVEL OF SLIDE-VALVES. 

In table No. 191 are given the periods of admission corresponding to 
travels of valve of from 12 inches to 2 inches, and laps of from 2 inches to 
^ inch, with ^ inch and )4 inch of lead, calculated by Rule 2, page 26, 
voL ii. With greater leads than those tabulated, the steam would be cut off 
earlier than as shown in the table. 

The influence of a lead of s/is inch for travels of from i ^ inches to 
6 inches, and laps of from }4 inch to i }i inches, as calculated for in table 
No. 192, is exhibited by comparison of the periods of admission in the 
table, for the same lap and travel. The greater lead shortens the period of 
admission, and increases the range for expansive working. 

Table Na 191. — Periods of Admission, or Points of Cut-off, for Given 
Travels and Laps of Sude-valves. 



T™.el 




Period. .fAdn. 


uioD, or Pinnti of Cul-off, for Ihe [o 


Uowbf Lopi oTVuIrei in ineho:— 


























Vmlvt 




' 


iH 


^% 


iK 


^ 


H 


y. 


H 


^ 


H 


iDdn 


ixch. 


per cent 


pncral 




xr«nt 


ptr«nL 


pcrtci.1 


„j 


no cent 




perctnt. 


12 


a 








<)S 


Qb 


97 


qS 


q8 


OP 


99 


10 


X 


82 


B7 


Ho 






Q6 


07 


08 


98 


99 


8 


y, 


73 


7» 


84 


as 






QS 


q6 


98 


98 


6 


« 




tl2 






86 


8q 






96 


97 


(!4 


>* 


43 


SO 


68 


77 


8=; 


88 


91 


94 


9b 


97 


5 


(t 


32 


47 


61 


72 


82 


86 


8, 


93 


9.S 


97 


4K 


>* 


14 


.IS 


SI 


66 


78 


81 


87 


go 


94 


96 


4 






17 


3<» 


S7 


73 


78 


<S,1 


88 


93 


95 


3)4 


H 


— 


— 


30 


■ 44 


63 


7' 


79 


84 


90 


94 




*i 





— 


— 


',1 


SO 




7' 


79 86 


91 








— 


— 


— 


'7 


41 


S7 


70 80 










— 


— 




— 


33 


S3 1 70 





734 



ADDENDA. 



Table No. 192. — Periods of Admission, or Points of Cut-off, for 

Given Travels and Laps of Slide-valves. 

Constant Lead, s/^ inch. 
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V. DUPLEX FURNACE STEAM BOILER. 

CONSTRl'C'IFl) \\\ MKSSRS. PENMAN & CO., GLASGOW. 

This boiler, fii^s. ilX^S and 1009. based on the old "breeches" boiler, con- 
sists of a cylindrical shell, and two short furnace-tubes, joinincf to a single 
throui^h tlue-tube. conihinin^i;^ the double furnace of the Lancashire bc^iler 
with the sini^le tluc-tubo o\' the Cornish boiler. The boiler is of mild selected 
steel plates. The shell is 7 feet in diameter, 30 feet long, ^> inch thick; 
excrpt the ends. o\' 5 s inch plate. The edges of the plates are planed. The 
fivMit end-plate is ioined to the shell bv means of a s^^lid-wclded ^^^-inch 
angle steel ring. 5j> inch thick. The back end-plate is tiangcd. and joined 
to the shell internallw The longitudinal scants are :^;:t: -jointed, with 
douMe ^,\e!ts, auvl four nn\s of rivets vlouMe ri\eteJ.. T::e t\:rnace-t;:bes 
are J\ feet in diameter. S teet lonu;. in two tin>;s of ' :.-::: j:i :^!ate. with 
llanged ciiculai seams. The CvMnbustioneliam'jcr or ;u:;.::o::-:=iecL- is of 
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7/t6-4ndi plBte^ vrith a vertical junctim-tub& The flne^nbe ta 3^ feet in 
diameter, of r/ifl-inch platen fitted witfa fifteen GaUomy tnbe^ lo>^ indies 
in diameter at the upper endi, sH inches at the lower end% outmie 
measure. The end-plates are each one fnec^ turned at tlie outer edge; 
sUyed by gusset plates and double angle^teel, to the dielL There is one 
large cast-iron manhole on the top of the btriler, and a smaller one on the 
front plate, near the bottom; faced over the outer flanges and riveted to 
the boiler; with cast-iron coven and suitable bolts. Stand-pipes aiv riveted 
to the boiler, faced on the upper sur&tx for ooonections of valves and 




cocks. A fusible plug is screwed into the crown of each fumace-tube. It 
consists of a conical seat, supporting a covering disc, 3 inches in diameter, 
which is perforated with small holes, filled with special metal, and is held 
in place by a cross bar. The fire-grates are 6 feet long, each in two lengths 
of 3 feet fire-bars. The fire-bars are ^ inch thick, with ^-inch air-spaces; 
they take a square bearing at one end, and a bevelled bearing at the other 
end. The boiler is tested by water-pressure to 150 lbs. per square inch, for 
a regular working pressure of 100 lbs. per square inch 

A 2 >^-inch check feed-valve is provided ; also a 6-inch steam stop-valve, 
with a 6-inch pipe for one boiler. 

There are 33 square feet of fire-grate ; 952 square feet of heating surface, 
or 29 times the grate-area. The draught passes through the flue, returns 
along the bottom, and by split flue along the sides to the chimney. The 
top of each bridge is from 10 inches to 12 inches below the crown of the 
furnace. 

The boiler weighs 16 tons, or with fittings 18^ tons. The price 
delivered in Glasgow is ;f4iS, or ;£^22 per ton gross. The cost of brick 
seating for one boiler is £so; or for six boilers £250. 



penman's CORNISH STEAM BOILER. 
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VI. CORNISH STEAM BOILER. 

CONSTRUCTED BY MESSRS. PENMAN & CO., GLASGOW. 

This boiler, figs. lOio and loii, is 5^ feet in diameter, 18 feet long, of 
v<v 97 



^38 

<V^iachsted idatea,iHtlifiiiefuniice-tiibe3ji(feet iadiuieta;«f>s/y4iefa 
platen mth three Galloway tubes. Tbe enda are 9/ia indi tfaidt. The 
wm-king pressuie is loo lbs. per square tscb. The fire-gnte is 5 feet long; 
and has 14 square feet of area. The heating sur&ce la 380 aqoaie Sett, or 
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27 times the grate-area. The steam-pipe for one boiler is 4 inches in dia- 
meter; for six boilers it would be 7 inches in diameter. The weight of the 
boiler is $}4 tons; with mountings 7 tons 3 cwts. The price of the boiler 
with mountings is £igg, or ;£^28 per ton gross. 



VII. THE COCHRAN STEAM BOILER IN SETS OR BATTERIES. 

The Cochran boiler has been described, page 744, &c., voL L, as a 
vertical multitubular boiler with horizontal flue-tubes. It has been found 
convenient, in cases where a great quantity of steam is required, to arrange 
these boilers in sets, as illustrated in flgs. 1012, which represents the arrange- 
ment of three Cochran boilers at the brass and copper works of Mr. Samuel 
Walker, Birmingham, which have replaced other boilers of the sectional 
water-tube type, and are employed in supplying steam for driving hydraulic 
pumping engines and other purposes. They are of the standard size 
recommended for use in sets. Each boiler is 6}4 feet in diameter, 14H feet 
high ; having 20^ square feet of grate-area, and 500 square feet of heating 
surface, or 24,4 times the grate-area. The working pressure is lOO lbs. per 
square inch; and each boiler is capable of evaporating 50 cubic feet of 
water per hour. 

There is obviously a great economy of space occupied by these boilers, 
compared with Lancashire boilers; and a great advantage in ease and 
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cheapness of fixing. No brickwork setting is required, and the boilers are 
entirely open for examination. 




II.— The Cochian Sli 



VIII. THE BUCKLAND VERTICAL STEAM BOILER. 

The vertical boiler, figs. loi 3, designed by Mr. H. B. Buckland, Newcastle- 
on-Tyne, is cylindrical, the top of which is segmental for the smaller boilers, 
and hemispherical in the lai^er, as shown in the figure. The fire-box is 



nnrvf xr//. 



Z 
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of the ordliuiy fonn lued for crass-tube boilers: set out from 3 indies to 
5 Inches at the base to join the shell, and the sides t^>ering upwards at the 
rate of about i In i& Instead of a crown platev an inverted taper box is 
riveted to the upper edge of the fire-boxi open to the water at tlie top^ 
depending to wiUiin about 3 feet from the fire-grate. To the lower end of 
this box a vertical tyllnder is riveted, 
open to the burning gases through 
the lower end, and finished with a 
hemispherical dome at the upper end. 
The upper part is joined l^ a short 
cross tube to the interval between the 
outer and inner fire-boxes, in order 
to circulate the hot gases that rise to 
the top of the internal cylinder. From 
this intervallic space the burnt gases 
are drawn oflf into the uptake, smoke- 
box and funnel, at one side. Throi^ 
three or four water-pipes connectii^ 
the lower end of the inner fire-box 
to the outer water-space, circulation of 
water is promoted. There are no 
stays in the boiler. 

The boiler is made of sted 
throughout It is 6% feet in diameter, 
14% feet high, for a working pres- 
sure of 80 lbs. per square inch. There 
are z^yi square feet of fire-grate 
area, and 360 square feet of heating 
surface, or 11 times the grate-area. 
In ordinary working, it is stated, 
1 5 pounds of coal are coitsumed per 
square foot of grate per hour, and 
10 pounds of water are evaporated per 
pound of good coaL 

A <i>>nke\- boiler of this pattern, on 
a stOAmer . 5 feet in diameter, 1 2 feet 
hig:h. having 15.35 square feet of fire- 
grate, supplies $team foe two winches 
ha\-ing (>-inchcyIindcrs; and two others, 
hax-ing .~-ii>^ oj-lindeis. A boiler 
ii t^-«:tv! by Mr. U v< Nichol. in Octaba; iS88l It was 
I xv-vn \a'a;. AV.J v.;'.o.n*n.v. I; :s .t"-.- :"«t ir lo feet high, 

A' ;X jMvs'S'.nv . h.-.\ •.;•-!; vv\ " s^uJirc *» *^Ti and 

.>!" );ijrf iv, ;in.* cv^tisc 0' is 

was o > 

aw) ^ 
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ater per hour; or 8.46 pounds of water per pound of coal per hour; sup- 
plied at 51° F., and boiled off under atmospheric pressure. 

The price of one of these boilers, 5 feet by 12 feet, weighing, with 
mountings, 3 tons ig cwts., with a donkey pump, is /'17s, or, say, £4^^ per 
^ton. 
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IX. MILLS' HIGH-PRESSURE SECTIONAL STEAM BOILER. 

The Mills boiler is a combination of a cylindrical water-cased furnace, 
ith an ordinary water-tube sectional boiler, represented by figs. 1014 and 
1015. The feed-water is introduced into the steam and water drum at the 

ipper part, and circulates independently through the furnace-casing and 

'le water-tubes. 

The system, adapted to a Babcock and Wilcox boiler erected at Victoria 
Mills. Droylsden, has been exhaustively tested by Mr. Michael Longridge 
and others. But the boiler was first subjected to a series of exhaustive 
tests, as originally constructed and erected. It consisted of 42 pipes or 
tubes 16 feet long, 4 inches in diameter, and a steam and water drum 
21 feet 4 inches long, 3j^ feet in diameter, surmounted by a smaller drum 
which served as a steam dome, The standard fire-grate for this boiler is 
5 feet long. 3 feet 10 inches wide, making ig square feet. But the grate had 
been reduced by brickwork to iyj4 square feet area for the first day's test, 
on the 24th April, 1889, conducted by Mr. Michael Longridge; and still 
further to 15.33 square feet, and 10.66 square feet, on the two following 
days respectively. The pressure was limited by circumstances to a maxi- 
mum of 65 lbs, per square inch. The coal used was "burgy" or engine 
coal from the Worsley district, costing 8j. grf. per ton delivered. The com- 
position of the fuel, as dry, was as follows: — 



I 



Carbon 77-87 

Hydrogen 4.78 

Oxygen 9.71 

Nitrogen 1.56 

Sulphur 1.91 

Ash 4.17 



The calorific value, by calorimeter, was 13,360 units of heat per pound of 
the fuel. The composition of the burnt gases aspirated for five or six hours 
each day, was as follows. Mr. Longridge explains that the excessive pro- 
luction of carbonic oxide on the first and second days was no doubt due 
lufficient supply of air, as the draught was slow, and the slides in 
f fire-doors were closed: — 

Firu Diy. Second Diy. Tlutd Day- 

Carbonic acid 

Oxygen 

Carbonic oxide 

Nitrogen 
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It was ascertained by means of simple apparatus that there was little 
or no priming of water with the steam. 
Each day's trial lasted 7j^ hours. 

:^ u — ^ 




The Ic.-ulin;^' ri;siilts of the three days' to^ts with liand-liring, are ' 
in the fii-,-.t part of tabic Xo. 193. The (li-.tiibiitinn of the po;. ""' 
of ciiinbiistirin of the fuel is {jivcn by Mr. Loni^rid|^c in thi 
baliiiice sheet, and is sliown in table \o. 194. 



MILLS' HIGH-PRESSURE SECTIONAL STEAM BOILER. 



743 



Cd 



S 



Cd 




S 




< 




CO 




M 




S 




H 




Q 




2 




•< 




•» 




otf 




Cd 




•J 




^14 









» 






o\ 


Gd 


00 




00 


h 




it 




U 




H 


S 


-< 




^ 


S 




> 


>• 


CO 


U 




< 


"a 


m^ 


^ 


Q 


»^ 


X 


s 







Z. 


Cd 

u 


< 


< 







H 


(^ 


U 




2 

< 


s 





V 


(I* 


OS 


OS 


fd 


Cd 


H 


PUi 


< 


h« 


^ 





< 


P 


2 


|j 


2 


D 
S 


> 

< 


(^ 


X 


Cd 




> 




*m 




H 




< 




ec 




< 




cu 




S 









U 




1 




fO 




0^ 






V 

< 

X 

M 
D 



5 

a 

< 

s 

& 

M 
8B 
S 

H 

I 

s 

X 

5 
X 

6 



In 



►-• -S?<>^ o 



10 ^o 



;iOO O ON OSOO »o O 

CO 



On 
CO 



CO 
CO 
M 



CO 



On m 

m m 

M ON 
M 



m 

O 



00 2 

00 . 

M O 



<o 

00 



y coVV ox 8 g, O 



10 

00 

<o 



On 

00 

o 



to 



to O 

CI d 






fo*: 

MO 1^ 



to 



00 



00 CO M T^ 

CO t^ ONOO ^^ r^^. 00 



" MM 



00 

<o 

•k 

o 



CO NO t^ 

• • « 

M On 
M 



to 
o 



10 



to 00 

to o 



w O 



d 



to 



to 

to 



10 

to 
o 

o 



NO 

to to to 

• • • 

O On 
M 



o « ^ ^ 

O N ON O 



",vO -^ to O 



ON 



CO 



^^ >. w „ OnvO m ^ 

5- ^ 



NO 

NO 
10 
ON 



00 00 ^ to t^ 

^ ►^ O NO Sv ^ ^ 

M On On cO On O 

N M 



9 

& 

M 
8B 
D 
H 

< 

< 

5 

o 



CO 

NO 



On© o »*<• 

Tf tOOO M o tooo 



O 

NO 

to 



00 4 ^ f^vo tovo d ^ 



to 

00 
On 

NO 



to 



M 



00 



M t^ to ON ^ t^ 



o 



Tj-\0 NO 
M 



to NO 



CO 



to 






NO 
NO 



o o 

ON 5*- 



NO 
C« 

to 



t»« 
•-« On t^ rt ^ 00 

CO to t^ w J< O to 

tONO t^ W t^ t^ 
M 



NO ^ '* O 



to M NO 

•-• On ,^ M <o 



OOto^OOvO^OcoM ^ 



On 
O 

ON 
NO 



CO 



^ NO ^ M t* 
• • ■ ■* ' • • 

tJ-nO no tONO t^ 



f/^ *-» o o 



^ O 

^ t^ M NO 

^O ".'^^ N 00 W • CO 

^S'^^-'^'g^S CO 



o 

10 NO 



On 
M 



ON 



r»^ NO 

M 



00 

• • 



NO 

(>. " to ON 

• ^ • • 

NO TfNO NO 



18 



(WO 

c 
*S 
00 

o 

IT 

> 
d 

d 



■8 

«> 

«« 

O 

n 
ft 

a 

c 
o 

U3 



O 

to 







i 



744 



ADDENDA. 



Table No. 194. — Distribution of the Potential Heat or Combustion of 

Fuel in a Water-tube Boiler (Balance Sheet). 



Dr. 


riratTriaL 


Second TkiaL 


Third TfiaL 


To value of i lb. of dry fuel 


13,360 units. 


13,360 units. 


13,360 units. 


„ heat contained in fuel 


3 II 


3 II 


4 II 


.. heat contained in air 


44 II 


47 II 


"4 II 




131407 II 


i3i4io „ 


131478 „ 


Cr. 


uniu. 


percent 


units. 


percent. 


units. 


percent. 


By heat transferred to water .... 


6729 


50.18 


6909 


51.52 


7326 


54.36 


„ heat lost in products * ..^q 
of combustion \ ^ 






1092 




1 136 




,, heat lost in excess air... 579 
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1861 




„ heat lost in evaporating | 
and superheating water > 5 1 
in coal ) 
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51 1716 


12.79 


51 3048 


22.61 














„ heat lost by imperfect com- ) 
bustion 3 
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656 
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„ heat lost in unburnt carbon \ 














falling through grate, and ( 
drawn out of furnace with X 
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9.14 


1203 


8.97 
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„ heat lost in clinker 


40 


.31 


39 
10,937 


.30 


27 
11,716 


.20 


10,410 


„ Remainder, including ra- ) 














diation and transmission > 


2997 


22.35 


2473 


18.44 


1762 


13.07 


through brickwork ) 












13,407 


100.00 


13,410 100.00 

1 


I3i478 


100.00 



According: to these results, from 13 per cent to 22 per cent of the total 
heat of combustion was dissipated through the brickwork surrounding the 
furnace and the front doors. The external surface of the structure mea- 
sured about 840 square feet The front consisted mainly of cast iron 
lined with brickwork; the sides and back were of 18-inch brickwork. 
Thoui^h the bc^iler was under shelter, ytX. the air was free to circulate about 
the structure. In this connection it may be stated that steam was got up 
each morning between 6.30 and 7 A.M., in order to warm the brickwork 
thoroughly before the commencement of the trial. The test was begun 

at V) A.M. 

More lately, the ordinar\' brick-lined furnace of the Babcock & Wilcox 
Knki was replaced by a short cylindrical water-cased furnace, on Mr. Mills' 
s\ stem, internally tired, and the boiler thus modined was again submitted 
Km oxh.iustivo trial bv Mr. Michael Lonvrridce. as well as bv o( 
watcr-cascvl Uirnsice WvUi ^»^ feet long. 5 feet in diameter. haWng 
cornii^.vtcvi tube 3 feet 1 ^^ inches in diameter, set with a sli 
dowt^waai from the front. The top ot" the fa-^nt end wa 
d: •.:-.! of the U^ilcr overhead by a iv>i::ch \\roUi;ht-iroP 
e-.ivi to the ir.ud-olrum by a 7-inch wrv u^^bJ-^irv^n pipe 
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746 ADDENDA. 

the space above the back part of the tubes of the boiler was filled up with 
brickwork, so as to keep the gases circulating amongst the tubes. A cross 
wall was added, through which the front ends of the tubes projected, 
reaching from the furnace casing to the drum. The fire-grate was 6 feet 
long; but the effective length was reduced for the different trials by brick- 
work laid over the back part The surface of the grate was 22 inches 
below the crown of the furnace. 

The boiler was cleaned out internally and brushed externally a few 
days l)efore the trials were begun, which took place in November and 
December, 1889. The coal used was burgy from Worsley, said to be of 
the same quality as that used in the trials of the original boiler. The 
composition was as follows: — 

In xoo Parts. 

Carbon 76.53 

Hydrogen 5.25 

Oxygen 10.36 

Nitrogen 1.67 

Sulphur 1.54 

Ash 4,65 

100.00 

\W culometric test, the calorific value of the coal used was 13,648 units of 
he.it. 

rhe trials lasted from 6 hours to 7'.< hours. Average results of nine 
trials are i;:iven in the second part of table No. 193, page 743. The first 
'* test/' marked 1 1?, is an average of the first three successive tests; the 
second •*iest/' marke^.1 JB, is an average of the second three tests; and the 
third "test." marke^.1 3U, of the seventh and eighth tests. They show that 
a remarkable devrree of economv was effected bv the insertion of the water- 
casovi t'lirnace. 

A balance sheet of the total heat of combustion is g^ven in table 
Nv\ lo;. In the lower part of the table are given analyses of lOO cubic 
feet v^f the burnt v^ases. in each trial, by volume. 



\ CO^:V\K\^lV^ TKIAIS of THK F.VArOK.\TIVE FERFORMANXE OF 
v\^\:s IN I \NOASHlKi: STFAM Ik^lLFRS, .\T CLEVFL.\ND STEEL 
Wv^KKS iSSS 

%• •■ •■•■ • 1 

L '.\ .V-.»>. .V «» ■ V. iVV* ••• V...l..tV»V.. >\. •S.'V. .s --•i^> «.«**.«»i^ %i»« .hAk..lb&W>. WW. fc^C'-J 

."'^^ w: ^ V-. .;.**v:c:. w :>, r-\c ^^,-.". ,.■.;, .: .>< tubes in each, accordir.i: to 
vrc -v\: v^\ ;o-..^ V>.c '"• c c-.-r.cs *Vr han-* faff were 6 feet 2 inches 
' , \; , • V ' '.\; v- ; , ^x; ; ■ .; • v tvV : ,*. : v ,; v : c Ar" } ' ■vface oi 

c,;/' .\ X- \v.;n Sx, n,_: ,^ ^;\:. .V Jn ti' ifr-bars 

\vc;c ■, x" : • X N - . * s;\u\.< -5 7 f air- 
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space was 840 square inches, — say 6 square feet — for one boiler. There 
are two chimneys, 200 feet high, above the level of the grates, 20 feet 
square at the bottom, inside, and 1 1 feet 4 inches square at the top; one 
chimney serving 12 boilers, and the other serving 30 boilers. 

The trials were made with lai^e and small coals or slack: Black Boy 
Splint, and Shildon Lodge. The fuel was charged by hand-firing, and 




by mechanical firing; and was also preliminarily converted into gas in 

[VOducers, of which a section is shown in fig. 1017. Exteriorly, the pro- 

cers were cylindrical, 14 feet in diameter, 15 feet high. Interiorly, 

■ were slightly coniform, 1 1 J^ feet in diameter at the floor, ID feet in 
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in the seventh column, determined by means of Thompson's calorimeter, 
affords the means of calculating the evaporative efficiency of the fuel 
attained in each trial. 

Generally, complete combustion was effected, with a considerable pro- 
portion of free or unused air. Summarized as percentages by weight of 
the total quantity of discharged gases, omitting accidental extremes, the 
proportions of free air were as follows: — 

Hand firing 17 to 35 per cent Average, 26 per cent 

Gas firing ? ? 

Bennis mechanical stoker.. 42 to 53 „ „ 47 „ 

Proctor mechanical stoker.. 24 to 38 „ „ 29 „ 



XI. MELDRUM'S FORCED DRAUGHT, APPLIED TO A 

LANCASHIRE STEAM BOILER. 

According to the Meldrum system of forced draught, as applied to a 
Lancashire steam boiler, figs. 1018, a jet of steam from the boiler is dis- 
charged into the smaller end of a conical tube, by which steam is inducted 
into the ash-pit. Two blowers are shown in each ash-pit They are formed 





Figs. 1018.— Meldrum's Forced Draught, applied to a I^incashire Steam Boiler. 

with inlet air-valves, for shuttin^i^ off or for regulating the supply of air, 
or for using only one blower at a time. The furnace-front is hollow, 
and air from the ash-pit rises through the chamber at each side of the- 
doorway. The air current is discharged on the surface of the fire fronm. 
under a weighted flap-valve at the upper part of the chamber above thc^ 
doorway. The valve closes by gravitation, and is opened to any required 
extent by means of a set-screw. The fire-door and its seat are faceci, 
making a sound joint. The ashpit doors and seats are likewise faced to 
make tight joints; so that the fire may be forced independently of the 
chimney draught. 

The wcii^ht of steam consumed b\' th ts unHe*" *-^e best condi- 

tions is taken at 4 per cent of the tota' crated. It 



TEMPERATURE OF AIR FOR FURNACES. 75 1 

is Stated that a considerable degree of economy is effected by the employ- 
ment of the blowers. 

XII. ON THE INFLUENCE OF THE TEMPERATURE OF 
AIR SUPPLIED UNDER THE FIRE-GRATES OF STEAM BOILERS. 

Messrs. Meunier and Scheurer-Kestner had obtained about 7 per cent 
greater evaporative efficiency in summer than in winter, from the same 
boilers under like conditions: an excess which had been explained by the 
difference of loss by radiation and conduction. But Mr. Poupardin, sur- 
mising that the gain might be due in some degree also to the greater 
temperature of the air in summer, made comparative trials with six new 
steam boilers, at the works of Messrs. Schlumberger, Sons, & Co., at Mer 
Rouge. An apparatus consisting of a series of cast-iron pipes, was placed 
vertically in the flueway towards the chimney. The upper ends were 
open to the air; the lower ends opened into a chamber, from which the 
heated air was conducted to the front of the boilers. The smoke circulated 
amongst the pipes as in Green's economizer. In May, 1889, two series 
of trials were made with two groups of three boilers, each working one 
week with the heated air, and the next week with cold air. The following 
were the several efficiencies : — 

First Trials: Three Boilers; Ratuhamp Coal, 

Water per lb. of Water per lb. of 

Coal. Volatile Elements. 

With heated air (128' F.) 7.77 lbs. 8.95-lbs. 

With cold air (69°. 8) 7.33 „ 8.63 „ 

Difference in favour of heated air 0.44 „ 0.3 2 „ 

Second Trials: Same Coal; Three other Boilers. 

With heated air (i2o°.4 F.) 8.70 lbs. 10.08 lbs. 

With cold air (75^.2) 8.09 „ 9.34 „ 

Difference in favour of heated air 0.6 1 „ o. 64 „ 

These results show economies in favour of heating the air of 6 per cent 
and 7^ per cent The respective average pressures of steam were 4.25 
and 4.30 atmospheres in the first trials, and 4.3 and 4.26 atmospheres in 
the second trials. The respective quantities of coal consumed were, in the 
first trials, 48,180 pounds and 45,540 pounds; in the second, 44,660 pounds 
and 48,180 pounds. 

Mr. Poupardin believes that the gain in efficiency is due chiefly to the 
better combustion of the gases with heated air. It was observed that with 
heated air the flames were much shorter and whiter, and that there was 
notably less smoke from the chimney. 



XIII. THE DAVEY COMPENSATING COMPOUND PUMPING 

STEAM ENGINE. 

This engine is designed as an equivalent in the principle of action to 
the old single-cylinder pumping engines, in which, in order to render 
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expansive working available, reciprocating weights have been employed — 
the equivalents of fly-wheels — or to Worthington's compensating pumps 
noticed at page 344: storing enei^ in the beginning of the stroke, and 
dispensmg it towards the end. 

In the new form of pumping engine, figs. 1019, 1020, and 1023, the pump 




resistance diagram approximates in form to the combined steam diagrams, 
and so by such a compensating means dispenses with the reciprocating 
weights, whilst enabling the engine to work at high rates of expansion. 
A diagram of the arrangement is given in fig. 1021. a, a are the pumps; 
b,b, trunk guides for the pump-rods; c,c, the first and second steam cylinders; 
Vol. 11. •• 
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and at two-thirds in the second cylinder. At a speed of lO strokes per 




■y PumpinE Engine: Indi 



minute the cori!;umption of feed-water is stated to be i6 pounds per indi- 
cator horse-iKiHcr. 



XIV. ntTLEX AIR-COMPRESSISG ENGINE. 

CONSTRlCTEIt PY THE R.\KD DRILL COMPANV. 

Tho duplex air-compressor, fiijs. lo;6, consists of a pair of horizontal 
steam cylimUrs, side b\- siilo, working to a main shaft and fly-wheel, with 
cranks at ri^iht angles; and a pair of air-compressing cylinders behind the 
sioam cjlimlors, worker.! by prolongations of the piston-rods. The cylin* 
ilfis an- all of one si.-c: iS inclios in dianioier. witha ;cvinch stroke. The 
stress .'f o.i;iiprcssion is nocos-s-irily vor\- unixju.jl — commencing the stroke 
at nvMiunj;. anJ auiing it with the niaxinuim stress; whilst the stress of 
the steam in the cylinder commences a", the maximum and ends by 
evivmsion and exhaust at a minimum. Thus the >tri~ss and counter-stress 
of the steam a:id the air ai each sie.c do no: m.^;.-h Hu: this objection is 
rcmovei'. «heu the two semi-t-:ii;ines .i:v :vi;:\V,. >.^ that the steam-strer 
on one si^-ie. .ipp'iKx; to ;be ^-ra^ik .i; the :o;> ,^- ;!■;-■ ixxtom centre wher 
1- a! it'^ m.ivim;;:;'; le\Tr.ii;e. !\i!a:;ee< ;!-,• :v,.; A-.r-strcss on the f 



DUPLEX AIR-COMPRESSING ENGINE 

de at the end of the stroke, when the crank is at its minimum leveragi 
s end centre. Each semi-engine in reality works the compressing,"! 




I 



? side. A balance being in this way brought s** 
ate size is sufficient for maintaining steady | 



f — ^^^ 



ni 

NevertheleM, the fly-wheel ii nude very heavy, in order to gain steady 
motion when it is desiied to woric wiA only one side erf* the engine. 

The engine is fitted with the Meyer valve^ear for each cylinder, adjust- 
able while the engine is in motion; and with an ordinaiy ball-govenior. 
A pressure-governor is connected to the ordinary governor, to slacken the 
speed whenever the air-pressure reaches the desired maximum, usually 
65 lbs. per square Inch. It is attached to the compressor pipes. The air- 
plunger and steam-valve are on die same rod; the plunger is weighted 
directly, and ensures a steady pressure of air. 

The frames are of the Corliss pattern. The air-cyltndas and steam- 
cylinders are tied together by a sole-plate; to which tbey are fixed, and 
tie-rods at the upper part 

The air-cylinders are fitted with poppet valve& The cylinders are 
made of hard brass, the better to conduct away the heat of compression, 
as thin as is practicable. The cylinder heads are hollow, and have water 
circulated through them. The pistons and their rods are hollow, and by 
means of telescopic tubing they are kept supplied with cold water. 

According to the results of tests, Uie engines can do their work with a 
consumption of 25 pounds of steam per indicator horse-power per hour. 
The engine makes 75 revolutions per minute. 



XV. THE VICARS MECHANICAL STOKER. 
The Vicars mechanical stoker has already been noticed, page 333, vol L, 
t<^ether with results of its performance. The results of (»mparattve trials 
recently made (June, 1890) of the Vicars stoker against hand-firing, at the 
Royal Paper Mills, Wandsworth, are given in table Na 197 : — 

Table No. 197. — ^Trial or trs Vicars Michanical Stour 
viRsus HANi>-nRtNG wmi FoRCBD Draught. 



a. Syitcm of itoking ,. 



3. IVscription «f boilor ! Lancashire 

4. Diiiwnsions of shi-l) < jo ft. long x 7 ft. $ iii^ 

s. lli.imi-i«T irf furn.icij-lubM : aV fc« j a^ feet 

nur.tlion of (tuU ' 10 hours 10 hours. 



eine 24, 1890. 
and -firing, with 
forced diaughL 
Lancashire. 
30 ft. long X 7 ft 5 ios. 



7. Ocsisn^ttion of cool Bituminous slack. Welsh smalL 

& TtitJiI gTi4ttf-jri,';t '', 22 square feet 33 square feet. 

I). Totjl C1.V1I consumed 3 tons 13 cwts 3 tons 4 cwts. 

I ii\ 1V\ div per hour 5,3 cwts. 64c«ts. 

{It. IVx do. per si\.R.of fjMe 27 pounds 31.7 pounds. 

I I J, Ti^al w4tcr evAjxir.itttl 5330 gallons jojo gallons. 

' i,V l>iv do, [HT hiHir 533 „ $ca „ 

■ 14 l\v dii, jKT (xiundof rivd S.>>S pi.->unds 7 pounds. 

I i>. IVict »^ fuel 1 3i. jicr ion iji. per ton. 

10. i,\»*t fcr fuel per uw iiaI*. evAi^nwi-d tw. ysJ. 9*. 4.751^ 

At IKxttW kirK r*(>« \V»tk>. S.'uih l^uvriK Kr:';. ii «v<!-«nT of 13.56 pei cot i* cS 
bv ih« VicaK Stkikn. Nuniit^ ;he &i^« :i^ ^ -Man naalL 
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Hullni. 






AUen br^ler, L 140. 

AHeD enfuw, condeulDg, tiul, L 504. 3^ 

Alnwick Fodpdry Compafiy, portable 

caatlc-oit-TynG. ii. 439, 
^ *—'■■■* Society, horuoDta] eompoutid pum^Hng engine 

Uulhnue WaEer-wDrlu, ii., 33»; tri*l, 336. 

' ' ^.oy pTofoMor Johnson, i, 9c 



; Shut's locomocivf 



New. 



II.9J- 



cwpled 



Anwry brid^ 



Aadtewt b^ler. i 



Anllmdle ivmi W. 
AiAhncJte vtrnti bii 
AnthriKile vrmti »' 
byT. Uniuh»n,li 
Aia«iu)dT«Dui,f 



mk undem triple^expan- 
ly ft Co., iL 69B: boOen. 



Bibcock ft Wikoi. Kctional baikr, L >J7. 119: n^nn- 

live pawet. 764. 7M. _ 

B»^. in^of compound engiM^ m* SJi. 573. SI*. !>■■ 

tinliuice.iheelorDaTCy, I^uman, ft Co/t portable engine 
BalanciDl the UeaBi engine, iL Bi See Cfiii/iSnllVJ). 
BaldwinloUet, i. 570. . 

Barring enginct: Hick, Ha^ireave&, A Co., !l 040; Uns- 
grave ft Socu. aj^; Ranlun ft Blackmore. 4B5. 

Barrow Kctjanal boiler, i. 757; evaporative power, jw. 

Baus, Timothy, ft Co. (Pollil ft WignU). KariMUTaa- 
dem compound engine for uo io^'— — *■ 

trials, 170; noriiontj^ 



ndeiuiiv en^ck^fet 
pair of diagonal o — , 
_.,.-a. for the STS. Senjuni 
:rginct with Joy va)ve.cev, 11 



enjpoel. for the 5.S. Serajungc, h^ 711; |air of 



i!.°Mall*'irii°6oj." '"'' ™°'™™ 
Bcauie^B locamodve boiler, i. m. 
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bBMl>CnO,ia|;Wipabaav,iH,i}viu,i5aiIlBUa 
iCi; Johaaoa, IT]! Ta Briak, il»; fRd&mb, ^, 
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water-pocketa, dgt: Gallown nAta, dgii nn'a com- 
(ated tube, «gi; HapUaaoai'i lub^ 0^; Faialay ew^ 
lufaled lube. 6ga. 
rnnucc-tubaa, diuenion tl, fraei Iha acaion of tbo in, i. 

6n; treated aa for a flaal^u^ 6^ 
Fuaibia ploc, L 717- 

GallWin.triakafeBfmea,L SST. S7'i SJ3, m, Jfd- 
Cdavay boilB, l in. ait. yoj; imtcd jouta, fofi 
Mis', T07: a— <a pipea, 71a; weight, 711; heanai 

Galloway boiiv Brmu lancaahire boilar, at Wigaa, L 



Galiewiy** hgriiomal twin ainifiioai eagina, h. ij^ 

GaUovay'a parmbolic aovcmor. u. 71. 

Garntt, R., ft Sooa. ''A"compDiiud ponabla eDriae^E 
4*0; nxd-water healer, 434; Iriali. 4?g: itrnw-buniuig 
pottaUe boiler, 433; truk, itraw vrmM coal. 434: 
itrmw-bujning b^r for burning chopped Mmw. 43ft. 

Gas. coal, L 64- 

G>^ hot, aiceniional force of, i. 3J6. 

Gaa« Id CDmhuition, volume andipecilic beat of^ L 34; 
an.lyt«. Wigan, .«; Conbea, .»; Thietry, 17^ _ 

Gai fumacn. L 346; Lbelmen, 346; guogcnt, 3461 Fidxt 
ueain boilere, 347. 34» ... 

Gai- producer. WilKmi, l w: csnpanitm tnali, 3J1, 
]ji: gu-pTOducct at Grreland Steel Wcrio, ii. 746. 



loke prevention W, L 166. 
IT, CoUanore if>ocnroi>oui, ii- 461. 
rLiL65; ordinary, 66; parabolic, 67; weis 
■: Daviy, Paunan. & C- ■■ — ^ 



nghled. 60. 
Wamcrft 




CDnrnor, marine; Port 

cvapDntion in n tinaU boUcr, i, 

unnsed, 311. 
Gnu*, fin, inAugiicc of vertical height el baiter 

Gnu. Sn. hiauincn of wulibaf. 






.of.lo 






Gay nd Chiuiler, e 



L upwKTdi, L agz, 3^- 

GtvAt ^i^n LocoinDtivB, dimennDns. l 456, 458; mdi- 
GBOT diagnntt tiken by Sir Dsniel Gooch. leniilu o( 
mamlytia, 493, 568: fonDula for coiuumpUDn of water u 
iteun. ^6!f. 

Great Bntain _Sinoke Cgniumiag Company, imake pre- 

Grctl Eastim Raijway: Dx<oupled gocidfe loeDmoiive, 

Hocul tjpe. by M. Bromley, ii. SS'- 
Orbc Nonh of Scotland Railway: four-cpupled paiMenret 

locanunve, wiili under, by W. Co<nin aod NeUioa ft 

Qx, ii. 536: lender, 455, 
GtcU Monheni Railway: dnsie-wheel out^de^iniler 

■xpriH puHtiKcr locanotin, by P. Surling, li. sSJi 

•sngei locomolive, s6j. 
GiviTca, C-, trial of Eait Londgn pumping engines by, i 

Cnen'ifuel econooiiier, L 114. 13a, 133, 136, aM.701,™- 
Gnenwiwd ft Batley: Amington-Simi hrrrvonliil engine, 

Gregory, tmoke Drevenlion hv. L ao*. 






& Eyih: uperimctilt 
I, L Sti; ilay-holB, 6,i , 
p«1»W< (ngine btiilen ud ihclls. 683, 
Cnnder. H.M.S., trials of (umaces, <rith 

Cmxing D['l»ii^n, I 694: of T-iron jo 

' Cun-mellJ^In the locnmnives of tbe Mi 






led JMnn, SjS; 



Cumeyi leccional b< 



Hickwnrth: Talye-gear, iL ■;; mo 

lUI^-.t^ol'epr'rveniiunby.i. 1; 
HalluBr, thermal uvalyiiB of engii 



ficatian of. for S.S. 
> by, L jgj, jB6, SM, 



UuHNtring, charges of 
wdflb, i, K)^; Lbfluei 



nolit by. L lu. 
of mode of Ar 



Huiu-CarilB (s 



J. Gntban 



Hubon, Dmey, K Co.; Davey't verticiit compound dif- 
iemdal direct4cting pumping engine, St. Helen's 
W^et-worlu. il r}»; Divcy'i diSennlii] v>l*e-gnr, 
fbr direct-acting piunping enaineB, flSi; horizontal cnm- 
pound amdcoHog diflcrentiarpunirunB engine, 317. See 

Ibnei on the diitribution of the evapontire action of 

al^eile^Wild, ft Co., funiace-lube, i. 6,0; heli' 

Havward I'yler ft Elowardt; bortiontal non«Mideiuibg 
1^; Bramah vertical eagine and bailer, 37S. 



T, Mi Fr, 



: mechanical equivalent, 11 

conduclinty of metali. tj. n 
diWi ofa ceal Ar, eniuia 



{»< of combunion of (iiel, at HulhauK ei 
lUsa; dixribution oT lieat, by Ketinn and i 

mbustian of coal burned under hoiU 



lion ofSJl' 
Heat fuma, 
Robert S> .,..._. 
lneDt..rf; tVoc 
W. Williams' e 



lephmton's eM>erimeati. 75; Hick's eapoi- 
: Woods and ttcwrance'i u^rimenis, ji; C. 

iment^ fl4: Ifherwood't experi- 

Hebbum l^miib pumping engine, iL i^t: Iriith, a;^ 
Heic, horifontal tandem compound coadenving enguM at. 



^ik^wT 






X 



Ids 

A Co.; Kn< 

ttCs. 

Coriiu *aLre-gear, aio, 
valve engine, vii'. Coriii 



'naccfiDSI and fiK-door bv, 1. 103. 

Jul Lcoigridge, i. fiofi. 

Margrcavet, & )_.,, „.- 

hone-power. iL mifi ; 



ble-fl^'tiibalir 'bailer,' ei^rimcnu by'Bumil, 

iDoUrus-MicE ft Co.) 11S61), i. aas. 
liltooi Franklin: ccHnpa.rative triali of the evaporative 
~ enls in Ldruashire boilen, at Cleveland 



Sleel Works, ii. ,A 

Hin. G A., en condesHtiaii in the cylinder, i. 4la: con- 
densing beam engine. Logelbach, malt, i. jifi. ^. 5U, 
S70. 57". J7"; iHeimal analyus, sBj, s». 

Hobson ft Hopkiraon. uioke pterenliao by, fff. 

Radge ft Sons, S.: multitubular bailer, i 711, 

Holburow ft Co.. ta n de t n compoujuj coiulensing engine, 
of H hone-power, u. 19^; automatic expanilon g«r. )7- 

Holden. J,, Sliming li<]uui fuel in locnnotivet. iL Oey: 



. . . Klrui^e-eniansio 

•crew marine en^cL by Rankin & Blickmore, 
HonogBnous metal ttibca, Km^lh of, 1. 644. 
Horisuta] engiBea^ frictional resutanoe, i fii4, 61 
Uenuby'i automatic upanuon-valve aiid govemt 

u.u:conpeuAdundeTi]rpeengine^f--- — ' — 

L 6ti. 613; rlcacTiption. il 447. 
Hone-powerdeflnef],Le;«rorkof, a; hi 

calcukdnn of hone-pi 



worth, smoke prevention by. i. rsfi: experimenn 
:mperatiire in ftues of boilen, 107, no. sio; oa 
es' nimaee, eat: 00 C. W, Williams' system. >ii6i 
._-„ ^i.-.-i... J _ 1 _|, bridge, 109, itj. 

"fiH 'H rid. S.' Renown. £nspareil. 



.._ by doovway ant. _. 

Howard, nnoke prevention by. t 136. 
Humphreys, E., tingle and compound 

Newcij(le.on-Tyne. iL 43D, 440. 44a 
Humphrey Tennant, ACo„ |3r_ofv. 

Md'rnG3^!'E°ta4 , 

Pair of naritonlal triple-eapanuon 
fast twin-screw cruiteti. u. tit; boil 



Lbes, strength oi, t A49. 

D< gasea on heating ii 



iDcomolive, by Sir Danid GoocI 
'^-^aior diagrum, steam bnjughi 
566; indicator non«-p0wer, i- 
luced draught, W. A. Manin. i 
Inglif ft Spencer'a automatic irip-L — 
-"•-•^-^ • ■ " -. SiUaite. 



trip-gear for Corlivt valves. 



,-, ,.,. ,___-■«, 45; Bndford, ■!_. 

If, liquid fuel, for [oconatives, T, Urnuhart. li. 6*c, 
J. Hold- "-• 1 a. 



bird's Low,^ 
n, cut, nndl 
a, wrought, couductii 



smoke pnventiai by. L 191. 1 



764 



liTn^ ngSUqaa^Hthn ftr. i. est. 



, _ ■ m£« bdOw M Hn* Ymt, . 

n; T ■--"■■■ 1,-7-- -• J ..--.r-.*^ . ^^ 
ipiMtintiMaiii tadw rfiiiir,4lyMirfft> 
n»w4 ««b> of te S.S. a^sm DK, *. 

I*ln^ BOha iraTMNioBtv. 1> in> 



'^i^.'^^r^ "*-^ ■■•»: «-*~ 






K^^dir wSItoia- pfafcrft'wuMiii ■«■■. I 






TtimTiiri baOBBn^Gdamr boikr,a(Wi| 



Ij^ and trvrcicic vbIw» p n iodi of iAhh 

■■*^*^ CMiac: Bwnc-cybndcr ciwnK, wnfa Bm 
tor tlK Uili-Hl*, cBBaruarA^y ko. A D 



L« at mil. iBcilic (RTCDDcn hf . L 160. 
LiSty. triali of "^— p^**^ eofiBci c^ L m^ 5I5. 
Liaduy. S.sl: oukof ctalt. >- i»- 

i«1ij^Ai:d»mnS lineal :AIlui'i^EW|rlil 

'Aiel iniMoc, fa- IccDaaDHK T. I'lljltml. i. t>& 
J. HoOn. &>£. 






LsDoiBMivck n-pa i4': Bnuli— Lsndta aad Udnai 
Ruhnr, ii. ai. 4lt: J»»tinn. it;. 190: Sl Gtaaai 






■arawiari.'c 



IL^-Hk: bnvft (^i^ >£U£m mr, by Ron * 

irSSr&^^.'V Ok: tewMd m^» (or iw> 

Hair, J. (£i tridi of f il-TtK hwn ii^m. L ^t, 
5r^ S76; tiiib oT Wootf Ihab T""r''"t taciifl^ ^i* 

ud iB^i^IUlo^, i. <■»: IB ibBBmill* Kd- 
■«]f, &15; S ewb ■iJ iHu SdMj of Ko^^ fas. 

HariM Uiha.'nStaaMbwMbaafa aad Webb cadi 

■'SS.si^tf^^^'^iaS: 

I KcjbM bEMT, 
^ftSJji Y»d. H(* 



iTuwT iS^oSt D 



n»ib>^ LSi.^ U.S- ■■■» Su imOKo, rjp 
Ihfi iiilaiiliiiliniiflhilMtij iha. riai) VmiI. 



b On Sir Hadnk &«rII ■- «W n iHiTFrC 
lladuD. £tli nda cf pa f u r iwi a, 6««: lua tat~ 
tics. nwriBC bdv of iMi. GtT; Waatf «B^ It Kh- 
d^^ Eldv, ft Ol, A4T 1 A. C KM o^W^ c^iMi, 
«47; reomw caciH, br E. A. Ca.t«, £47 

naciiDe of *-T ■*■ vobikB: nccivcr nawr'ni 

•^H* 9f AaLahT.W I>*T. Soom. A Dl , 1. jA 




4; ctf Frvscii u>d ET i£itt h equivjik&i^ s- 



Mutunin 



B:; Juckel. jiJI S. HilLjTi: Knap, 336: 
olroyd-SlKl^'l, 1^-. Waougaii. 339: 
■ial^ jyi: Htndenan, 341: Proctor, 14a; 
»iniMinilivD tnalt, 34^; Fmbie'i uDder- 
HolrDyd-Siruth'i hcUj funHCD-fecdvr: 

d dnughi} in uoKd uh-pifi, itppUcd to a 

uuawty ] 



L^ Isci 



Unvniiher & Sona: 
U^ ■ . . . . 
Ueuaiei 

ComUh bwiler. 

ISnliB Broihen;: ua iwo rrencn noiicn it wr 

Hutan Kulmy: HKcnipted double boiric Fiirlie 

Botm, by ^ A. M. Rindil. iL too. 
Merer cnnnnon vulvc, li. it. 
Ueycr, J.J. ft A.: uiiculateil unk IiKniuotlTC oT | 

llidluif R^^) 






EulbuuRif 






icciioDjil boikr, l fSj; mvls. 7S7- 
s hi^^indDTe fccdonjd iteBm boiler, ii T' 
trials by Michifll Lonfnd^c, t^l. 
Uoberley; exKrlmcnU on steel nveled jointt, i. 6 
MolincM vtd Pronnier'B multicubuUf boiler: eicpc 
by Bumat and Dubied, i8s9, i ftS- imoke pre* 



Morelniul. K., ft Si 

Uudd/'l^Mut eng 

mm n fa cturc of taa. 
Hulbuuie Sodeiy. 1 

lucuhln bt^, 

buiter, i. aaB. 
HuIliptMylliuler boiler, eiperimi 
Midtituhut. ■-■■ - - -^ - 



nitioni, L 684, «^; Galloini 
S.S. Cool, ii. 6n: proceu 1 

.irbairn boder, ud a tnac 



lUl: Lowe 



DiduoD, 169; Bald- 



Mullilubulir boUsn: S. I 
sley. Wild. ftCo.. Tu: 
B«lUny. III. 

Hiwrave. John, ft Sou: 



luvrave, Johq, ft Sou: pur of hotiionul undem coc 
pfiund feagidei. iL 140: Corliu vilve gear, to, tfi. 
Slip-iDotioii: for aoubl«'b«dl Hamp-valvei, ii 4 



■51. ipvued 



naiiia. Jamu R., od innimii 

MeiJion ft Co.'l four-uupled p 
icodet. for the deal North oE 



-a of heat through nlid 

lenger locomolj™. with 
^tland Railway, ii. }36; 



Bwcattte or Nonhumberland coal, &] 



NewcMlk-on-Tyae: Eriali o( eipe 
>; portable enKinei, utnple an 



.,!^* 



Kicholl^ onieriniend on itrcngth of flat endi and %tg- 

<Mt.tank for lubHcBlinj! nolti bearing of Batn' engioe, iL 

4*1- 
Orvu, smoke preteolion by. i. 19}, »e. 
Oder, S.S,: eieclappioB propellen introduced, ii. 691, 

Pacldiiff, Dienl, for piMoiL-rodi. ii. 470; Jerome paekiag. 

Pjiddle marine engine, three-cylinder vertical compound: 
John M. Rowan, iL 649; for (he PropDntis, by Ran- 
dolph, Elder, & Co., ess. 



Parkei vm . . 
by H. MDuldiwonh. 

Penman ft Co.: duplea 



Phleger boUet. 



by. i. i« 



Pickeri 



Ine-wood chI, L £4. 
'ollii ft WigKU'i Collaniorc governor 
^gS; iimple « 



impound oadllaling < 



Yngih of Kayed flat platr 
by, i. 194. «■ 






o. 439: w 



», iLla. 
ftSif"' 









e horie-power cogme, 11- 104; .. 
Rai»oine>, Simi, ft JeB^iei. 
enffine, by R. Garreri ft Sou. 



fnctional refinance: — Cardiff enginef^ 
undenype, or leni-portabla, 
Caidi?, i. 4^; triali. 40); 



zSt 



PsRable e>i 
Porubleen 



Byth, i. 68}. 

Pon«, C tTiI 
nor, ii. 69, on i 

Po'^^'Wnnnn 

Poupardin: infill 
Po"wden """' 



1. ft Co.'i 
Evauft 
*« IriaU witii tditw 

■^^■aA<^^^TZ^^nL. it 44», 
lilen and ihelli. nrenglh of; Gteig ft 

>, >L 417: iiuli, 4tS; (i)> R. Cutetl ft 



69: Allen 



Whelpler ft Surer. 3 
StereoMi. 351. 
Power, walk and, llandardi of, L a. 
Premm. mudiBuni, in the cylinder, 

Preuure, working iteam, influence of ai 






x: Qay't boilera, i. I4>: Bt 
Dollfui and O. HalUuer, 



Proell, enaniive gear, it 4Aa. 
Proell ft Scharowiky: horiionu] en 
Prony, imoke prevention by, L 150. 



A 




r. fc Ca.: iMniadium if Woulf <» 
jMMMU Mi^ iL 6tf : iht w e yBadi r padd* w 



iMhiifiii"T*il'iri!'iin'i'ii'ii'Miii'ii riii imiiBi liiii 

I bnaJA Minmw; ■IwfvS.&.Hiilrna.wlibnttBal 
s^ Sbi, It JtAria: pofUbid BngiDa of : 



■iCudiCi. «1, 




& Co., ii. 679; 

diiu-acliaf Kan (wina, by Dr. Ttwiwii, 619. 
BMJitinm, frictioBAl, oTpuo^Hr- ■-■'■ ■ ■ ' '-' 
Kj^BWTCt. fitejonml, ofpoub 
HanUBCE of mini m iwlny) 
lUn)i»» S.S-, eQmpr w id.Mi < 

iLMi; triike<»L 
KerDouli-Car£ia uitommiic cnE-off ' 




four-couplHl wheel puHDHir locomotit* tor 

Rhodn iTStnta't Dip fcai, ii. ^71 

mod i ft Cntchley; horuontal mpK-ufiuuioD cobdeo- 

WHOifinb with Corliu vilva. u. 171; trinU, t;6. 
Ridsri CTHiidricaJ mpetium upeiuiDn vain, ii. 16^ tjy 
KiKted juntt in inn plain: upcrimaiu by Fairbun), i. 

tft : Betirun, iji : Wri(hi, 6si ; Brunei, 631 ; Long- 



"tes 



6; doubte-nvei 



iSi 



: ibgle-jivctcd lap-joinu^ L 653; 
iDU, 65J: lingle.riveted u^le « 

ediJoutje'welt.Gje. 

lU bv Greifl ft 

,_. _,,. _ .„_ „ .j; FTV. Wjbb, 

63B; MoMrier, 66t. Deductioni; ^ngte-rireted lip- 

!'~ ; doublc-rive(edUi]>-joina.66j; unEle.rivet«d 
1. 668; double.riveled linirle velt 6tt: •iDElC' 
luhic well. 6«3; dDuble-riTeled double wtOis. 






Rodda.'u 






i- Sto: 



Rhhi ft Bbl UK L ■(. 

»^"jfl; jr^ -d ^ .»Lay.jii. 



Sudttbrd, C: lj£-erlU> lad Wiiglf wmjuiiIuI 
toeoMdiM far t)N Sdad^ IWii^ i^ s2dlS 

SdaUu ouSa pmadoB ts, L IM H. 

adadL ^udtulik a^ DMtAar- ■■Idiijlhilii ■■! 

SMki2lSw%MbaaJ^ aA lA iM; •TV UH 

oamBiirtuiiiaCK ilmniii iC 1 6(9. 

04^ KrtBCth d; L <rn. 

bla •Mui »B«: dUi af War W ft SidM- 

' -^^- L S44.sk: Ih-aal udjri^ 



S«d«itnbla iiadaitja ni^and eBeiB*,br K. Vtmbf 
ft Sou iL 447; uiaa, ue; IHctloBal 1 iWaaLi, L ti]. 

Sanatt, R.: miiiliiil'liiiliiiffiaiart diaiiahl ailHiiiliiil 
nohchokU, iL M». , 

Sarvia, S.S.!HHMaltcr«wiwgiaai.iL dwAncaddnn^ 
br drinnc eaBiprinid air iMS aUk^it, iL d74. 

Sbup, Suwan, ft Co. : f6ur«oiipliil Bwpim lammi 

whcdod Uak-loccoMUoc fat tiCg LoadaB, Tilboqri aad 

Soutbaod Railway, my 
Stm/e-PtlattK fcnnilbdter, L lu: VU, tS*- 
Rh*itJA mwkep r avmdon fay. L tfb 
Shall, cyUadriaL itnaalh af, 1. 610. 
ShapikenI; MCttoaal bula. L }>■; dbK rl4. 
Bia^maft Co.: pair of borinacitl mniltMnf mi^^raa_ t 

VertLcal dinct-acdnc coodeniuw r'™*P'^ Tt^'n^ 
Hokaey StiUsa . ChdKa Wuer-wiAi. fi. atii uaajiuiaid 
beam pumping engioea. Idmbelh Waier-mk% lUBiaa 
DiEton, jDi; (riali. jii; WooJf anponnd biupuia^ 
inacnguiei. LambetbWaiR-wiiib, Surbitoa, jia;Wooir 
eonpound bcajn puinping eofiiHt Chcli ca Walar-wutfc^ 
Surbiton. 313: woaUcampauiid beam pumpiag engp^ 
We^iMidJleieK WalB-work^HajBinasiiitli,3r^-' — '~ 



V/aB-woAifK , , 

U'NauEht beam purainnE enginei, Biialgn, ^6; 
u«, 318; WogLf compDund deep-wdl baaai ^""r^f 
[ine, Dover, jxS: woolf compound beam pumping 
OBt, Throckley Colliery, Neircail]E4n-TyBe, 31a: 
■1. 319; hoHiontal coxn^und receiver enpnc. Wat 

■iiontal condeniina pumping engine. Eut Loadoa 
iler-worki, Hag^r fjnt. 331: Wodf compouDd n- 
ive pumping engmn. Thamei DiLtna -, triaJa, L j}], 
'; receiver compauod beam rotative cngiDca. Thama 
HDD (J engiae): triali, sn, 567. 378; tiiti, by B. A. 

Km, J. B. : uial oF pumping engine, Throckky 



Slide-valve, ii. i ; in mo 
diagram, 6; proportioi; 



of valves, 7; ruia (or valve 



pgnfying smoke by. I 199. ?07- 

Sntkt, dmt Mid cubon in, J, Giaham, i. jtS; solid oj- 
boAni, I. jwh 

Smalu pRvenlum ippuatoi, D. K. CIarii'9. op the Joco- 
noDvaof IhcGresI Nonb oC ScaiUnit Rsilwuy. ii. n6. 

SnKJie pRTCntian, ipedil conlnvumei far: by Rabnon, L 
gi: BsbKii ft HopluuoD, 97; Sloncy, 97: C W. 
Williaini, 98. lyi; D. K. Clart. ly, .j5i '7i: W"". 
■ss: RabenAo, ijo: Sheffidd. ijo^ Pruny, ij": Wake- 
ield, 1(1; Fuka, tii: CuiIet, iji: Loah. 1531 CrrgKB, 
153: pDllvck, 151: GUbartno, 153; Wiity, 1J4: Chuucr, 
tu; Owdhun, i»; Roddi, ik: T. Hill, ij;; Gnyft 
CKnwr. isj^ lioward, u6j Chodilio, .j6: C. W. 
WilliaiM,.j6;F.-=-' " - '• ■■ ■ - ■■ 

■«; £■' 
■tgi W( 



uid, i4j ^ BilKiiFlcy, 16s: God, 166; Pridauii, 
EjJay & Ofdcn, 168; Paluot. 16B: L« SlETau, 
Woodcock, 171: RoHH, 171: Bumcy, ■;>: Joho- 
m; IrUon. .jj; B^^l.^ .74; W»nd. 174; TKtny, 



"nmauC'to: 



_. . _ .1; Amory hridn vrrjus air il doorway, 
Bunin, iSt. I9«, «ii; Kubhl, 1S7: Lingcn, it?: 
Brink, 1B7: Chubb, 19a, aoo: Wot, byGowthorpc, 

fkkiring, IB4. x»; Gomfonh, 1 



g JuU 



■9^»'- Eogi", 196,1; 
B*lkr, i99;'Stiuiley, i 



■DP^ X13 r CromiT, by CnAlhwute, xu ; J 
CoudfcDow. loj. 
anrk. S.S.: veninl double-campound or i^i: 
pwriion Buuiqc en^wct. by Denny ft Co., li 
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PREFACE. 



This Work is intended to provide a comprehensive, accurate, and clearly 
written text-book, fully abreast of all the recent developments in the 
Principles, Performance, and Construction of the Steam Engine, the need 
for a work of this kind having long been acknowledged. 

Written in full view of the great advances of modern times, it ex- 
pounds the underlying principles of Steam and the Steam Engine, and 
describes the present practice, exemplified in the construction and use 
of modern Engines and Boilers, in all their varieties of form : — Stationary, 
Portable, Locomotive, and Marine. In order to produce a satisfactory 
work on tliis subject, the author has availed himself of the numerous 
published records of investigation and practice — British, American, and 
Continental, and has added thereto the results of his own investigations, 
based on direct experimental inquiry carried on during many years. 

The work is divided into four main sections: — I. The Principles and 
Performance of Steam Boilers. II. The Principles and Performance of 
Steam Engines, III. The Construction of Steam Boilers. IV. The Con- 
struction of Steam Engines. 

In carrying out this arrangement upwards of two hundred steam 
engines and boilers are described and illustrated. The engines are of 
every variety — simple, compound, multiple -expansive; stationary for 
general purposes, and for mills, pumping, winding, blowing, &c.; portable 
engines, locomotives — railway and tramway; and marine engines. The 
boilers, likewise, are of numerous types. Chapters are devoted to the 
principles of riveting and the strength of riveted joints, the strength of 
shells and flat plate-surfaces, the resistance of flue-tubes; the equilibration 
r balancing of engines, valve gears, the action of governors, the behaviour 
of steam in the cylinder, and the best proportions for cylinders single and 
npound. Matters such as the advantage of superheating steam, steam- 
ing of cylinders, the best ratios for expansive working, the best 
1 of compression of steam in the cylinder are determined; while 
of the Woolf Engine versus the Receiver Engine, Compound 
■-expansion. Quadruple-expansion Engines, and other cog- 
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DBte Bubjecti — with ipedal reference to looomotiTe and marine pnctke — 
■re ftiUy ditcuwed. 

The e£Sciency of Steam Boilers is fully imrestigated; — tiie properties 
of steam, principles of combostion, the diitributlni of heat in the boiler, 
tlie fclative effec ti veness of different ptntloos of the heating iuriacc; and 
Ihe best pF(^>ortion8 for evaporative performance The sutgect of fuels — 
■olid and liquid — is lai^y treated, with results of many systematic trials 
of fuels and furnaces. The various contrivances for effecting complete 
combustion of fuel and preventing smok^ the most suitable conditions for 
attaining that object, the principles of draught and the proptwtions for 
flues and chimneys are fully considered in all their relations. Forced 
draught; in its various form^ is described and illustrated. 

The Work is illustrated by above 3000 figures in the tex^ consistif^ 
of engines, boilers, details, and digrams, and by a series of laige plates 
of complete engines and boilers drawn to scale 

The list of Contents which will be found in each volume shows the 
comprdiensive character and scope of the work. A full Index at the end 
enables the information on all points to be readily referred to. 

D. K. CLARK. 
LwDOll, Aitffiut, 1890. 
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